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Protocol for the Application and Ambient Air Monitoring
of Chlorpyrifos (and the oxan analogue)
in Tulare County During Summer, 1996

|. Introduction

At the request (April 28, 1995 Memorandum from John Sanders to Genevieve Shiroma) of
the California Department of Pesticide Regulation (DPR), the Air Resources Board (ARB) staff
will determine airborne concentrations of the pesticide chlorpyrifos (Lorsban®, Dursban®) and
the oxon analogue for 3-days at an application site and a five week ambient monitoring
programin populated areas. This monitoring is done in accordance with Section 140220 of
the Food and Agriculture Code which requires the ARB “to document the level of airborne
emissions . ... of pesticides which may be determined to pose a present or potential
hazard...” when requested by the DPR. As per the April 19, 1996 memorandum from John
Sanders to George Lew, DPR requested that oxon, a degradation product of chlorpyrifos,
also be monitored. A literature search for the chemical and toxicological data for the oxon
analogue was conducted by the DPR (519196 memo from John Sanders to George Lew) but
no information was found. The monitoring will be conducted in Tulare County and is in
support of the DPR toxic air contaminant program.

The draft method development results and analysis Standard Operating Procedures
submitted by the University of California, Davis (UCD) for chlorpyrifos and the oxon
analogue are enclosed as attachment 2.

Il. Chemical Properties of Chlarpyrifos

Technical chlorpyrifos [0,0-diethyl O-(3,5,6-trichloro-2-pyridinyl) phosphorothioatel is a
crystal, white to amber in color, with a mild mercaptan-like odor. Chlorpyrifos has a
molecular weight of 350.59 g/mole and a specific density of 1.398 at 43.5°C. It has a
water solubility of 450, 730, and 1,300 pg/L at 10, 20, and 30°C respectlvely, a Henry’s
constant of 4.16 x 108 atm.m®, and a vapor pressure of 1.7 x 10 mmHg at 25°C. The
half-life {t;,5) of chlorpyrifos in several environmental compartments is: 1) Soil t y varies
from 12 weeks to 1 day depending on soil type and soil temperature; 2) Surface water
(estuarine) ty 24 days; and 3) Surface water (fresh, 25°C) ty varies from 120 days (PH 6.1)
to 53 days (pH 7.4). Photolytic ty, in fresh water at 40°N latitude (depth 103 cm)is
reported as 31 days during midsummer and 345 days in midwinter. Increasing the depth to
1 meter increased photolytic ty;; to 2.7 years.

The acute oral LDgq of chlorpyrifos for male and female rats is 163 and 135 mg/kg
respectively. The LC, (96 hour) for rainbow trout is 3ug/L, for bluegill sunfish 2.6 xg/L,
and for an estuarine mysid 0.035 u% /L. The OSHA 8-hour time weighted average for
personal exposure limit is 0.2 mg/m®. Chlorpyrifos has entered the risk assessment process
at DPR under the SB 950 (Birth Defect Prevention Act of 1984) based on its mutagenicity
and on its relatively low NOEL (No-Observed-Effect-Level).
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lll. Sampling

Samples will be collected by passing a measured volume of ambient air through XAD-4
resin. The resin holders are 4-3/4" long x 1-55166” O.D. and made of Teflon. Each holder
should contain approximately 30cc of specially prepared XAD-4 resin provided by UCD. The
resin will be held in place by stainless steel screens on each side of the resin and between
the Teflon support rings. The flow rate will be accurately measured and the sampling
system operated continuously with the exact operating interval noted. The resin holders
will be covered with aluminum foil during the sampling period. At the end of each sampling
period the holders will be capped and placed in a zip-lock plastic bag with an identification
label affixed. Any chlorpyrifos present in the sampled ambient air will be captured by the
XAD-4 adsorbent. Subsequent to sampling, the sample holder will be transported on dry
ice, as soon as reasonably possible to the Department of Environmental Toxicology,
University of California, Davis for analysis. The samples will be stored in the freezer (-20
°C) or analyzed immediately.

A sketch of the sampling apparatus is shown in Figure 1. Calibrated rotameters will be used
to set and measure sample flow rates. Samplers will be leak checked prior to and after each
sampling period with the sampling cartridges installed. Any change in the flow rates will be
recorded in the field log book. The field log book will also be used to record start and stop
times, sample identifications and any other significant data, including field size, application
rate, formulation, method and length of application. Other information which will be
collected shall include: 1) the elevation of each sampling station with respect to the field, 2)
the orientation of the field with respect to North (identified as either true or magnetic), and
3) an accurate record of the positions of the monitoring equipment with respect to the field,
including the distance each monitor is positioned away from the edge of the field and an
accurate drawing of the monitoring site showing the precise location of the monitoring
equipment and any wind obstacles with respect to the field.

A. Apglication Monitori

The use pattern for chlorpyrifos suggests that application-site monitoring should be
conducted during the months of May, June, or July in Tulare County, and that the
application be associated with oranges. Due to the extensive use of chlorpyrifos on oranges
during this period, care should be taken so that other applications to nearby groves during
the sampling period do not affect sample collection. A three day monitoring period should
be established with sampling times as follows; (where the first sample is started at the start
of application) application + 1 hour, followed by one 2-hour sample, one 4-hour sample,
two 8-hour samples and two 24-hour samples. A minimum of four samplers should be
positioned, one on each side of the field. A fifth sampler should be collocated at one
position. Ideally samplers should be placed a minimum of 20 meters from the field with a
sampling intake approximately 1.5 meters above the ground. Prior to application,
background samples will be taken to establish if any chlorpyrifos is detectable. Since
chlorpyrifos is extensively used in the area, background samples should collect enough
volume (either 12 hours at 15 liters/min., or a shorter period with a higher volume pump) to
permit areasonable minimum detection level. A meteorological station will be set upby
DPR to determine wind speed and direction. This station will continue to operate
continuously throughout the sampling period collecting data at a minimum of 15 minute
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intervals using a data logger. ARB staff will note the degree of cloud cover at the start of
application and whenever sample cartridges are changed. Data from the nearest California
Irrigation Management Information Systems (CIMIS) station will be provided in the report for
temperature and relative humidity. Air samples will be collected with XAD-4 resin using
battery powered pumps capable of flows of approximately 15 liters per minute.

The sampling location for the application monitoring has not yet been determined. The site
will be chosen with close coordination between ARB staff, the Tulare County Agricultural
Commissioner’s office and local pesticide applicators.

B. Amhient Monitori

The use patterns for chlorpyrifos suggest that ambient monitoring should take place in
Tulare County during a 30- to 45-day sampling period in the months of May, June, or July.
Three to five sampling sites should be selected in relatively high-population areas or in areas
frequented by people. Sampling sites should be in orange growing areas but not
immediately adjacent to orange groves. Background samples should be collected in an area
distant to chlorpyrifos applications. Replicate (collocated) samples are needed for five dates
at each sampling location. The date chosen for replicate samples should be distributed over
the entire sampling period. They may, but need not be, the same dates at every site.

Four sampling sites plus an urban background site were selected by ARB personnel from the
areas of Tulare County where citrus farming is predominant. Sites were selected for their
proximity to the orchards with considerations for both accessibility and security of the
sampling equipment. The five sites, as shown on Table 1, were at the following locations:
Sunnyside Union Elementary School, Strathmore; Jefferson Elementary School, Lindsay;
Kaweah High School, Exeter; UC, Lindcove Field Station, Exeter; ARB Ambient Air
Monitoring Station, Visalia (background). Addresses for the sites are listed in Table 1.

e ——

L TABLE1. Ambient Sampling Sites |

SunnysideUnion Elementary School Gale Gregory, Dist. Superintendent
1 21644 Avenue 196, Strathmore, CA 93267 (209) 568-1 741

| Jefferson Elementary School Ken Stovall
| 333 Westwood Avenue, Lindsay, CA 93247 (209) 562-6303

Kaweah High School Renee Whitson
21215 Avenue 300, Exeter, CA 93221 (209) 592-9421

University of California, Lindcove Field Station Louis Whitendale, Station Super.
22963 Carson Avenue, Exeter, CA 93221 (209) 592-2408

Air Resources Board, Ambient Air Monitoring Station Monty Montgomery
310 N. Church Street., Visalia, CA (209) 228-1 825

(Background Site)




Sunnyside Union Elementary School is situated in a sparsely populated area of Strathmore
surrounded by agricultural fields, including oranges. The sampling unit will be placed on the
roof of one of the classroom buildings which are all single story. There are no buildings or
trees near enough to the sampling point to obstruct free air flow.

Jefferson Elementary School is located near the edge of a residential area off Highway 65 in
Lindsay. The sampling equipment will be placed on one of the tallest buildings of the
school. Trees located near one edge of the building require positioning the sampling
equipment near the center of the roof.

Kaweah High School is located north of Highway 198 on Avenue 300. The campus is
immediately surrounded by orange groves on all four sides. The sampling equipment will be
placed on the north building which is centrally located on the small campus. There were no
large structures or trees within prescribed limits to the sampling site.

The fourth sampling site will be located at the University of California, Lindcove Field
Station. The site is located, at the edge of the foothills just west of Highway 198. A variety
of citrus trees are planted at the field station. Other orange orchards are located throughout
the surrounding area. There were no accessible roof tops at this site for the sampling
equipment. An open area near the middle of the field station was selected where an
existing meteorological station is positioned.

The background monitoring will be conducted at the ARB Monitoring Station in downtown
Visalia. The sampling apparatus will be placed on a second story roof near the other ARB
monitoring equipment. No orange groves are in existence near the City of Visalia where the
background monitoring site was set up.

The samples will be collected by ARB personnel over a five week period from May 28 --June
28, 1996. Twenty-four hour samples will be taken Monday through Friday (4
samples/week) at a flow rate of approximately 15 liters per minute.

IV. Analysis

A summation of the 8.0.P is follows: Samples will be extracted with 75 mL of ethyl
acetate on a rotating platform shaker for at least 1 hour. One-half (37.5 mL) of the original
extract will be measured out using a 50 mL graduated cylinder and transferred quantitatively
into a 100 mL round bottom flask. The sample will be evaporated to near dryness, and
quantitatively transferred to a hematocrit tube with ethyl acetate (2 mL final volume). All
samples will be analyzed directly for chlorpyrifos using a gas chromatography method with a
flame photometric detector (FPD), using a 526 nm filter for phosphorus detection. Each_ set
of samples that is worked up will include a control resin blank and three fortified resin
blanks. Ambient and application samples that contain residues of chlorpyrifos and/or it's
oxon breakdown product will be confirmed either by electrolytic conductivity detector
(ELCD) and/or mass selective detector (MSD) operated in selective ion monitoring mode
(SIM). The analysis will be conducted under contract by staff at the Trace Analysis
Laboratory, Department of Environmental Toxicology, UC Davis. All samples will be stored
in an ice chest containing dry ice or a freezer until analysis.
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Optional Column Clean Up Procedure: In the advent of interferences a column cleanup
procedure and/or a Hall detector will be utilized. (Mourer et al, J. Assoc Off. Anal. Chem Vol
73, 2, 1990). Clean up, when necessary, will be accomplished using a Florisil column.
Concentrated extracts will be taken to dryness using a rotary evaporator and brought up in
5 mL of hexane and eluted from a Florisil column with 50 mL of a 5% diethyl ether in
hexane solution. Samples will be concentrated using a rotary evaporator and final volume
will be adjusted to facilitate analysis.

V. Quality Assurance

Field quality control {QC) for the application monitoring will include; 1) A field spike (same
environmental and experimental conditions as those occurring at the time of sampling)
prepared by the ARB Quality Management and Operations Support Branch (OMOSB). The
field spike will be obtained by sampling ambient air, collocated with the background sample,
through the spiked resin cartridge at 15 L/minute for the same duration as the background
sample. 2) Five trip spikes will be prepared by the QMOSB and spiked at five different
levels. 3) Replicate samples (collocated) will be collected at one of the four sampling sites.
4) Trip blanks will be obtained at each of the sampling locations.

Field QC for the ambient monitoring will include; 1) Five field spikes (same environmental
and experimental conditions as those occurring at the time of ambient sampling) will be
prepared by the QMOSB and spiked at five different levels. The field spikes will be obtained
by sampling ambient air at the background monitoring site for 24 hour periods at 15
L/minute. 2) Five trip spikes will be prepared by the QMOSB and spiked at five different .
levels. 3) Replicate samples will be taken for five dates at each sampling location. 4) Trip
blanks will be obtained at each of the five sampling locations. Procedures will follow ARB's
‘Quality Assurance Plan for Pesticide Monitoring” (Attachment 1).

The instrument dependent parameters (reproducibility, linearity and minimum detection limit)
will be checked prior to analysis. A chain of custody sheet will accompany all samples.
Rotameters will be calibrated prior to and after sampling in the field.

VI. Personnel

ARB personnel will consist of Kevin Mongar (Project Engineer) and an Instrument
Technician.
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QUALITY ASSURAMNCE PLAN FOR PESTICIOE MONITORING

I. Introduction

At the request of the Department of Pesticide Regulation (0PR),theAir
Resources Board (ARB) documents the "level of airborne emissions™ of Specified
pesticides. This is usually accomplished through two types of monitoring. The
first consists of one month of ambient monitoring in the area of, and during
the season of, peak use of the specified pesticide. The second is monitoring
near a field during and after (up to 72 hours) an application has occurred.
These are referred to as ambient and application monitoring, respectively. To
help clarify the differences between these two monitoring programs, ambient and
application are highlighted in bold in this document when the information
applies specifically to either program. The purpose of this document is to_
specify quality assurance activities for the sampling and laboratory analysis
of the monitored pesticide.

A. Quality Assurance Po13cy Statement

[t is the policy of the AR6 to provide DPR with as reliable and accurate
data as possible. The goal of this document is to identify procedures that
ensure the implementation of this policy.

B. Quality Assurance Objectives

Quality assurance objectives for pesticide monitoring are: (1) to
establish the necessary quality control activities relating to site selection,
sample collection, sampling protocol, sample analysis, data reduction and

validation, and final reports; and (2) to assess data quality in terms of
precision, accuracy and completeness.

1l. Siting

Probe siting criteria for ambient pesticide monitoring are listed in TABLE
1. Normally four sites will be chosen. The monitoring objective for these
sites is to measure population exposure near the perimeter of towns or in the
area of the town where the highest concentrations are expected based on
prevailing winds and proximity to applications. One of these sites isusually
designated to be an urban area "background™ site and is located away from any
expected applications; however, because application sites are not known prior
to the start of monitoring, a "zero level™ background may not occur.
Detectable levels of some pesticides may also be found at an urban area,
background site if they are marketed for residential as well as commercial yse.

Probe siting criteria for placement of samplers near a pesticide

application for collection of samples are the same as ambient monitorina (JARIF
1). In addition, the placement of the application samplers should be to obtain

upwind and downwind concentrations of the pesticide. Since winds are variable
and do not always conform to expected patterns, the goal is to surround the
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application field with one sampler on each side (assuming the"normal
rectangular shape) at a distance of about 20 yards from the perimeter of the
eld. However, conditions at the site will dictate the actual placement of

monitoring stations. Once monitoring has begun, the sampling stations will not
be moved, even if the wind direction has changed.

1. Sampling

All sampling will be coordinated through the County Agricultural
Commissioner®s Office and the local Air Quality Management District (AQMD) or
Air Pollution Control District (APCD). Monitoring sites will be arranged
through the cooperation of applicators, growers or owners for application
monitoring. For selection of ambient sites, ARB staff will work through
authorized representatives of private companies or government agencies.

A. Background Sampling

A background sample yill be taken at all sites prior to an application.
It should be a minimum of.one hour and longer if scheduling permits. This .
sample will establish if any of the pesticide being monitored is present prior
to the application. It also can indicate if other environmental factors are
interfering with the detection of the pesticide of concern during analysis.

While one of the sampling sites for ambient monitoring is referred to as
an "urban area background,”™ it is not a background sample in the conventional
sense because the intent is not to find a non-detectable level or a
"background® level prior to a particular event (or application). This site is
chosen to represent a low probability of finding the pesticide and a high
probability of public exposure if significant levels of the pesticide are
detected at this urban background site.

B. Schedule

Samples for ambient pesticide monitoring will be collected over 24-hour
periods on a schedule, in general, of 4 samples per week for 4 weeks. Field
application monitoring will follow the schedule guidelines outlined in TABLE 2.

C. Blanks and Spikes

Field blanks should be included with each batch of samples submitted for
analysis. This will usually require one blank for an application monitoring
and one blank per week for an ambient monitoring program. Whenever possible,
trip spikes should be provided for both ambient and application monitoring.
The spiked samples should be stored in the same manner as the samples and
returned to the laboratory for analysis.

D. Meteorological Station

Data on wind speed and direction will be collected during application
monitoring by use of an on-site meteorological station. If appropriate
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equipment is available, temperature and humiditr data should also be collected
and all meteorological data recorded on a data logger. |eteorological data
are not collected for ambient monitoring.

E. Collocation

for both ambient and application monitoring, precision will be
demonstrated by collecting samples from a collocated sampling site. An
additional ambient sampler will be collocated with one of the samplers and will
be rotated among the sampling sites so that duplicate samples are collected at
at least three different sites. = The samplers should be located between two and
four meters apart if they are high volume samplers in order to preclude airflow
interference. This consideration is not necessary for low (<20 liters/min.)
flow samplers. The duplicate sampler for application monitoring should be
downwind at the sampling site where the highest concentrations are expected.
When feasible, duplicate application samples should be collected at every site.

F. Calibration

Field flow calibrators (rotometers, flow meters or critical orifices)
shall be calibrated against a referenced standard prior to a monitoring period.
This referenced standard should be verified, certified or calibrated with
respect to a primary standard at least once a year with the method clearly
documented. Sampling flow rates should be checked in the field and noted
before and after each sampling period. Before flow rates are checked, the
sampling system should be leak checked.

G. Flow Audit

A flow audit of the field air samplers should be conducted by an
independent agency prior to monitoring. If results of this audit indicate
actual flow rates differ from the calibrated values"by more than 10%, the field
calibrators should be rechecked until they meet this objective.

H. Log Sheets

Field data sheets will be used to record sampling date and location,
initials of individuals conducting sampling, sample number or identification,
initial and final time, initial and final flow rate, malfunctions, leak checks,
weather conditions (e.g., rain) and any other pertinent data which could
influence sample results.

I. Preventative Maintenance

To prevent loss of data, spare pumps and other sampling materials should
be kept available in the field by the operator. A periodic check of sampling

pumps, meteorological instruments, extension cords, etc., should be made by
sampling personnel.



TABLE 1. PESTICIDE PROBE SITING CRITERIA SUMMARY

The following probe siting criteria apply to pesticide
monitorin and are summarized from the U.S. EPA ambient monitoring
criteria 440 CFR 58) which are used by the ARB.

Minimum Distance From

Height Supporting Structure
Above , (Meters)

Ground

M Yevoticalzon tal

2-15 1 1

Other Soacing
Criteria

. Should be 20 meters

from trees.

Distance from sampler

- to obstacle, such as

buildings, must be at

least twice the height
the obstacle protrudes
above the sampler.

. Must have unrestricted

air-flow arocund
sampler.

. Samplers at a collocated

site (duplicate for
quality assurance)
should be 2-4 meters
apart if samplers are
high flow, >20 liters
per minute.



TABLE 2. GUIDELINES FOR APPLICATION SAMPLING SCHEDULE

All samplers should be sited approximately 20 yards from the
edge of the field; four samplers to surround the field whenever

possible. At least one site should have a collocated (duplicate)
sampler.

The approximate samplin schedule for each station is listed
below; however, these are ondy approximate guidelines since starting
time and length of application will dictate variances.

Background sample (minimum l-hour
sample: within 24 hours prior to application).

Application + 1 hour after -
application combined sample.

2-hour sample from 1 to 3 hours
after the application.

4-hour sample from 3 to 7 hours
after the application.

8-hour sample from 7 to 15
hours after the application.

9-hour sample from 15 to 24
hours after the application.

1st 24-hour sample starting at
the end of the 9-hour sample.

2nd 24-hour sample starting 24 hours
after the end of the 9-hour sample.
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1V. Protocol

Prior to conducting any pesticide monitoring, a protocol, using this
document as a guideline, will be written by the ARB staff. The protocol

describes the overall monitoring program, the purpose of the monitoring and
includes the following topics:

1. ldentification of the sample site locations, if possible.

2. Description of the sampling train and a schematic showing the
component parts and their relationship to one another in the
assembled train, including specifics of the sampling media (=.g.,
resin type and volume, filter composition, pore size and diameter,
catalog number, etc.).

3. Specification of sampling periods and flow rates.
4. Description of the analytical method.

5. Tentative test schedule and expected test personnel.

Specific sampling methods and activities will also be described in the
monitoring plan (protocol) for review by ARB and DPR. Criteria which apply
to all sampling include: (1) chain of custody forms (APPENDIX 1),
accompanying all samples, (2) light and rain shields protecting samples
during monitoring, and (3) storing samples in an ice chest (with dry ice if
required for sample stability) or freezer, until delivery to the laboratory.
The protocol should include: equiqment specifications (when necessary),
special sample handling and an outl ine of sampling procedures. The protocol
should specify any procedures unique to a specific pesticide.

V. Analysis

Analysis of all field samples must be conducted by a fully competent
laboratory. To ensure the capability of the laboratory, an analytical audit
and systems audit should be performed by the ARB Quality Management and
Operations Support Branch (QMOSB) prior to the first analysis. After a_
history of competence is demonstrated, an audit prior to each analysis IS
not necessary. However, during each analysis spiked samples should be
provided to the laboratory to demonstrate accuracy.

A. Standard Operating Procedures

Analysis methods should be documented in a Standard Operating Procedure
(5.0.P.) before monitoring begins. The S.O0.P. includes: instrument and _
operating parameters, sample preparation, calibration procedures and quality
assurance procedures. The limit of quantitation must be defined if
different than the limit of detection, The method of calculating these
values should also be clearly explained in the S.0.P.



L.

Instrument and Operating Parameters

A completedescription (fthe instrument and the conditions shoyld
be given so that any qual ified person could duplicate the analysis,

Sample Preparation

Detailed information should be given for sample preparation
including equipment and solvents required.

Calibration Procedures

The S.0.P. plan will specify calibration procedures including
intervals for recalibration, calibration standards, environméntal
conditions for calibrations and a calibration record keeping system.
When possible, National Institute of Standards and Technology
traceable standards should be used for calibration of the analytical
instruments in accordance with standard analytical procedures which
include multiple calibration points that bracket the expected
concentrations.

Quality Control

Validation testing should provide an assessment of accuracy,
precision, interferences, method recovery, analysis of pertinent
breakdown products and limits of detection (and quantitation if
different from the limit of detection). Method documentation should
include confirmation testing with.another method when possible, and
quality control activities necessary to routinely monitor data
quality control such as use of control samples, control charts, use
of surrogates to verify individual sample recovery, field blanks,
lab blanks and duplicate analysis. All data should be properly
recorded in a laboratory notebook.

The method should include the frequency of analysis for quality
control samples. Analysis of quality control samples are
recommended before each day of laboratory analysis and after every
tenth sample. Control samples should be found to be within control
limits previously established by the lab performing the analy%is.
IT results are outside the control limits, the method should be
reviewed, the instrument recalibrated and the control sample
reanalyzed.

Al11 quality control studies should be cogﬁleted prior to sampling
and include recovery data from at least three samples spiked at
least two concentrations. Instrument variability should be assessed.
with three replicate injections of a single sample at each of the
spiked concentrations. A stability study should be done With
triplicate spiked samples being stored under actual conditions and
analyzed at appropriate time intervals. This study should be
conducted for a minimum period of time equal to the anticipated
storage period. Prior to each sampling study, a
conversion/collection efficiency study should be conducted under
field conditions (drawing ambient air through spiked sample media at
actual flow rates for the recommended sampling time) with three
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replicates at two spiked concentrations and a blank. graakthr h
studies should al so be conducted to determine the capacity o? %Hg
adsorbent material if high levels of pesticide are expected or if
the suitability of the adsorbent is uncertain.

VI. Final Reports and Data Reduction

The mass of pesticide found in each sample should be used along with
the volume of air sampled (from the field data sheet) to calculate the mass
per volume for each sample. For each,sampling date and site, concentrations
should be reported in a table as-ug/ﬁ (mfcrogram per cubic meter). \hen
the pesticide exists in the vapor phase under ambient conditions, the
concentration should also be reported as ppbv (parts per billion, by volume)
or the appropriate volume-to-volume units. Collocated samples should be
reported separately as raw data, but then averaged and treated as-a single
sample for any data summaries. For samples where the end flow rate is
different from that set at the start of the sampling period, the average of
these two flow rates should be used to determine the total sample volume;
however, the minimum and maximum concentrations possible for that sample
should also be presented.

The final report should indicate the dates of sampling as well as the
dates of analyses. These data can be compared with the stability studies to
determine if degradation of the samples has occurred.

Final reports of"all monitoring are sent to the Department of Pesticide .
Regulation, the Agricultural Commissioner’s Office, the local AQMD as well
as the applicator and/or the grower. Final reports are available to the
public by contacting the ARB Engineering Evaluation Branch.

A. Ambient Reports

The final report for ambient monitoring should include a map of the
monitored area which shows nearby towns or communities and their

relationship to the monitoring stations, along with a list of the monitoring
locations (e.g., name and address of the business or public building). A
site description should be completed for any monitoring site which might
have characteristics-that could affect the monitoring results (e.g.,
obstructions). For ambient monitoring reports, information on terrain,
obstructions and other physical properties which do not conform to the
siting criteria or may influence the data should be described.

Ambient data should be summarized for each monitoring location by
maximum and second maximum concentration, average (using only those values
greater than the minimum quantitation limit), total number of samples and
number of samples above the minimum quantitation limit. For this purpose,
col located samples are averaged and treated as a single sample.

B. Application Reports

Similarly, a map or sketch indicating the general location (nearby
towns, highways, etc.) of the field chosen for application monitoring should
be included as well as a detailed drawing of the field itself and the
relative positions of the monitors. For application monitoring reports, as
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much data as possible should be collected about the application conditions
(e.g., formulation, application rate, acreage applied, length of application
and method of application). This may be provided either through a copy of
the Notice of Intent, the Pesticide Control Advisor®s (PCA) recommendation
or completion of the Ag lication Site Checklist (APPENDIX 11). Wind speed
and direction data should be reported for the application site during the

monitoring period. Any additional meteorological data collected should also
be reported.

C. Quality Assurance

All quality control and quality assurance samples (blanks, spikes,
etc.{ analyzed by the laboratory must be reported. Results of all method
development and/or validation studies (if not contained in the S.0.P.) will
also be reported. The results of any quality assurance activities conducted
by an agency other than the anal ytical laboratory should be included in the

report as an appendix. This includes analytical audits, system audits and
flow rate audits.
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The method utilized is agas chromatographic method with aflame photometric detector
(FPD) and a 526 nm filter that is selective for phosphorus compounds. This method has

been used by Environmental Toxicology personnel for the analysis of organophosphates in
ar.

SUMMARY OF METHOD
Exposed XAD-4® resin samples are stored either in anice chest with dry ice or at -20°C

in afreezer. Samplesare extracted with 75mL ethyl acetate and an aliquot is
concentrated prior to injecting 3 L on to a gas chromatograph equipped with aflame

photometric detector.
MEREERENQES[LMIAﬂQNS

Potential interferences may arise due to contaminants in laboratory solvents, reagents, |
glassware and/or apparatus. A reagent blank must be run through the method pro
and analyzed with each set of samples.

EQUIPMENT AND CONDITIONS %

Instrumentation <§%

Hewlett-Packard 5890 Series |1 gas chromatograph

Hewlett-Packard 7673 Autosampler | —~—\

Perkin-Elmer TurboChrom® Data System o \\'

Microsoft Excel*, version 7.0 \fb\'

Injector : 250 °C TSN

Detector: 250 °C S

Column: Rxt-1 30 m x 0.53 mm wide bore capillary wit] h_“l.jgzlm film thickness
R

o ag. . <\.\ \. ’..\J ° - |
Temperature program: initial: 180°C, hold 1 mhﬁm 220 °C @ 10 °C/min; hold 1

min. Retention time: chlorpyrifosoxon=4.6 , Blorpyrifos = 4.87 min.

RIEAIN
S 4

Flows: N ‘\‘;f/’
Carrier (He) = 20 mL/min PR
make up(He) = 10 mL/min S P

a i r = 115mL/min

hydrogen =100 mL/min

19




B. Auxiliary Apparatus {C)\
1. Rotary platform shaker ' (§
2. 100mL round bottom flasks PN
3. 50mL graduated cylinders o
4. Rotary evaporator )_,r;?\_“* .
5. Disposablepipets N r
6. Nitrogen evaporator (N-Evap7) "{}Q
7. Graduated 15 mL centrifuge tubes \@
8. Autosampler vials and screw caps iy

S
{\“
C. Reagents '\%

\\
1. Ethyl acetate, pesticide grade \

2. Chlorpyrifos, Dow Elanco 99% t
3. Chlorpyrifos oxon, Dow Elanco 93%, uivalent

1. A solvent blank will be analmth each set of samples. The blank must be
free of interferencesfor the analysis of both chlorpyrifosand chlorpyrifosoxon.

2. Threeresin fortification samples must be fortified, extracted and analyzed with
each set of samples.

3. Allow samplesto come to room temperature and add 75 mL of ethyl acetate.
Cap the sample and swirl for one hour on a rotary platform shaker.

4. Quantitatively transfer 37.5mL to a 100 mL round bottom flask and evaporate
the solvent to near dryness using arotary evaporator.

5. Transfer sample using small aliquots of ethyl acetate to a graduated centrifuge
tube. Adjust sampleto an appropriate volume for injection on to the GC-FPD.

6. Transfer an aiquot of the adjusted sample to an Autosampler vial.

7. Inject 3L of sample, along with the appropriate standard concentrations for
chlorpyrifos and chlorpyrifosoxon, into the gaschromatograph. |f the peak area
for either the parent or theoxon, islarger than the highest standard, dilute the
sample with ethyl acetate and re-inject.

8. Calculate the massinng based on the linear regression curve for TurboChrom
and the appropriate dilution factors.

Concentration(ug/mL) x DilutionFactor (mL)/Sample = ug/sample.
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OQUALITY ASSURANCE

A Instrument Reproducibility

Triplicate injections of three standards at five diierent concentrations were made

to establish the reproducibility of the instrument. The data for chlorpyrifos and the >
oxon are given in Table 1 and Table 2 respectively. <

Table 1. Instrument Reproducibility for Chlorpyrifos

Chlorpyrifos Integration Percent ; %

Injected (pg/ul) Counts %) \(\@
25 10682 £314 £294 7
50 20852+ 961 +4.60 PN
100 41856 £ 1247 £2.98 7 §
200 88037 + 822 °093 LA
400 166594 + 9457 £568 ~ -;) ~
Table 2. Instrument Reproducibility for Chlorpyrifos Oxon {"‘ COARN)
Chlorpyrifos Oxon Integration Percent ; %
Injected (pg/uL) Counts (%)
25 8503 + 826 £9.71
50 17831 + 1487 +8.34
100 35611 £4134 £11.6
200 73796 + 6627 +8.98
400 143990 + 19886 138,
B. Linearity

A five point calibration curve of chlorpyrifosand chlorpyrifosoxon, with
concentrations ranging from 0.025 pg/mL to 0.40 png/mL, was injected 5 times
during the course of arun that included atotal of 72 injection. Therunincluded
XAD resin samplesand fortified resin samples. The corresponding equations and
correlation coefficients are:

For chlorpyrifos:

Y =420.6 16*x + 296.404  Corr = 0.9966

For chlorpyrifosoxon:

Y =368.0479*x- 27.656  Corr= 0.9834
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C. Minimum Detection Limit

The minimum detection limit (mdl) is set by the minimum concentration injected
(25 pg/uL) times the minimum total volume (2.0 mL) times the dilution factor
(one-half of the sample used).  The minimum detectableis 0.10ug/sample.

Assuming atotal air sampling rate of 15 Ipm for 24 hours, the total air volume
processed would be: 21 m? and the air concentration = 0.10 pg/21 m® = 4.6 ng/m*

Laboratory Recovery Dataand Air Collection Efficiency (air trapping) of Chlorpyrifos and
Chlorpyrifos oxon

Laboratory recovery data for chlorpyrifos and chlorpyrifos oxon is given in Table 3

and 4 whileair collection datafor chlorpyrifosrun on March23, 1996 isgivenin %«

Table 5. A second set of air collection data for chlorpyrifos is given in Table 6.
The air collection data for chlorpyrifos oxon is given in Table 7. Py >
<0
Table3. Laboratory Recovery of Chlorpyﬁfos from Resin Spikes f ‘ \©
& \\/>
Fortification Recovery 'SR
Sample (1g) (g %Rec  Average  Swde( .

014V50R1 S0 48.97 98% ~ ,%%

015VS0R2 49.56 99% PN

016V50R3

50.04 100% @
017VSOR4 49.85 100% \
079VSORS 4192 96% \\
080VSOR6 48.64 97%
081VS0R7 48.09 \ 2%
036V0.2R1 0.20 g

888888

0.19
037V0.2R2 0.20 0.21
038V0.2R3 0.20 0.21

039V0.2R4 0.20 0.18 2
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Table4. Laboratory Recovery of Chlorpyrifos/Oxon from Resin Spikes4 .
-

Parent Oxon R

Fortification Recovery Parent Parent Parent Recovery Oxon Oxon O:%o

Sample (ng) (Mg) % Rec Average Stdev. (ug) % Rec  Average Sgl_ev E

082V50R 1 50 5170  103% 50.56 101%
083 VSOR2 50 50.86 102% 52.60 105%
084V50R3 50 5143  103% 103% 1% 52.45 105% 104% 2% :

4

A: Recoveries for these samples are averages from two different injections dates. i

Table 5. Chlorpyrifos Air Collection Experiments Run on March 23,19964%¢ =

Trapping Total Mass Oxonin Oxonas Sumof i‘rappg_a
Sample Glass Wool Primary Efficiency Recovery Primary Parent P+0 Eﬁmﬁ

50 (ug) (ug) (ug) (%) (%) (ug) (ug)
TrapEff Rep. 1 0.49 40.04 81 81 6.47 678 4682 , A
TrapEf Rep.2  0.16 37.10 74 75 708 742 4452 | 8
Trap Ef Rep.3  0.25 4257 8 . 86 6.18 648 4905 ~ 983
TrapEff Rep.4  0.43 4267 86 86 6.40 671 4938 ;;;m
A: Samplers ran for 24 hours @ ca 25 Ipm; Maximum temperature 20 °C §

iy
B: No chlorpyrifos or chlorpyrifos oxon was found in the back up trap Fuly
C: No chlorpyrifos oxon was found on the glass wool samples

“Oxon as Parent” is a molar conversion of the oxon to the parent compound. ¢
“Sum of P + 0" is the sum of the converted oxon and the parent found. i
“Total Mass Recovery” is = [(Glass wool (ug) + Primary (ug)) x 100)/amt. spiked (pg). P
“Trapping Efficiency” is = (Primary (ug) x 100)/(amt. spiked (ug) - amt. recovered on Glass wool)[

.....

Table6. Chlorpyrifos Air Collection Experiments Run on April 30, 199645
Trapping Total Mass Oxonin Oxonas Sumof  Trapping

Sample Glass Wool Primary Efficiency Recovery Primary Parent P+O  Efficiency

S0 (ug) (ug) (ug) (%) (%) (ug) (ug) (ug) (%)
Trap Eff. Rep. 1 <0.10 17.38 35 35 19.32 20.25 37.63 75
Trap Eff. Rep. 2 <0.10 17.55 35 35 22.06 23.12 40.67 81
Trap Eff. Rep. 3 '<0.10 17.93 36 36 20.58 21.57 39.50 79
Trap Eff. Rep. 4 <0).10 20.38 41 4] 19.71 20.65 41.03 82

A: Samplers ran for 24 hours @ ca 25 lpm; Maximum temperature 35 °C
B: No chlorpyrifos or chlorpyrifos oxon was found in the back up trap
C: No chlorpyrifos oxon was found on the glass wool samples
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Table 7. ChlorpyrifosOxon Air Collection Experiments Run on April 30, 19968 ¢©

Trapping Total Mass

Sample Glass Wool Primary Efficiency Recovery ‘
50 (ug) (ug) (ug) (%) (%) .
Trap Ef. Rep. | <0.10 4110 82 82
Trap Eff. Rep. 2 <€0.10  40.14 80 80
Trap Eff. Rep. 3 0.1 32.98 66 66
TrapER Rep.4 <010 3452 69 69
A: Samplers ran for 24 hours @ ca 25 lpm; Maximum temperature 35 °C §
B: No chlorpyrifos or chlorpyrifos oxon was found in the back up trap
C: No chiorpyrifos was found on the glass wool samples
Storage Stahility §
Table 8. Chlorpyrifos Storage Stability Samples* %E _
Fortification Recovery ‘ %
Sample (ug) (ug) % Rec Average
002SS0R1 50 46.13 92%
003SSOR2 50 4429 89%
004SS0R3 50 4627 9% \

005SSO0R4
006SS0RS

50
50

48.19
4438

o 9@%
A: 324/96-4/30/96 37 Days of Storage in -20 °C F '

9%6%

.

A Storage Stability Study on Chlo Oxon is in Progress.
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DISCLAIMER

The statements and conclusions in the report are those of the contractor and not
necessarily those of the California Air Resources Board. The mention of
commercial products, their source, or their use in connection with material
reported hereinisnot to be construed as actual or-implied endorsement of such
products.
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I. INTRODUCTION

There have been numerous materials that have been employed as trapping mediafor the
detection of pesticidesin air, most significantly: polyurethane foam (PUF), ethylene glycol-
impingers, charcoal, glassfiber filters (GFF), and resins. Of the resin mediums that have been
used, the XAD” series of resins have proved to be the most beneficial for air sampling for
pesticides with diverse ranges of physicochemical properties, and sampling durations. XAD-2®,
4%, and 7" have been preferred for use for air sampling. Of these resins, XAD-4®, a20/50 mesh
macro reticular resin, whose structure is a styrene-divinylbenzene copolymer, was selected
because of its high surface area, bulk price and ability for trapping chemicals for long periods of
sampling.

The objective of the current study isto provide the California Air Resources Board (ARB) with
an easy, rapid, sensitive and effective analytical method for the detection of chlorpyrifosand its
transformation product, chlorpyrifos oxon. This method is appropriate for ambient and
application air monitoring for sampling periods of up to 24 hours.

This report addresses five key areas of the chlorpyrifos project: 1) development of an analytical
method, 2) trapping efficiencies of air samplesusing XAD-4" as atrapping medium, 3) ambient
site sampling for chlorpyrifos and its transformation product, 4) analysis of samples from an
application site, and 5) quality assurance samples from the ARB Quality Assurance unit.

II. ANALYTICAL METHOD
Analytical Standards

Analytical standards of chlorpyrifos, (Dow Elanco reference number: MM930503-17,
99.8% pure) and chlorpyrifosoxon (Dow Elanco reference number:GS-33-82:126, 95%
pure) for usein analysis were obtained directly from Dow Elanco. Shipment of the
standards was via overnight service to minimize potential breakdown of standards.
Standards were received in May 1996 and were logged into TAL's analytical standard
repository. Neat standards were kept at -20 °C until the time of use. Stock solutions, 100
mL each, 1.0 mg/mL concentrations, were prepared using pesticide grade ethyl acetate
and kept at 4 °C until the time of use. Dilute spiking and anaysis standards were
prepared from these stock solutions using pesticide grade ethyl acetate.

Trapping Medi

XAD-4® resin (Rohm and Haas, through Supelco), amacro reticular resin, was employed
asthe trapping medium for chlorpyrifos and its transformation product. XAD-4®a ong
with XAD-2® has been used extensively for air sampling of pesticides for sampling
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periods as great as 24 hours (Referencesl, 2). XAD-4® resin was prepared prior to use as
described in Appendix A.

Analytical Method
Laboratory Fortifications

A preliminary laboratory method validation study was done in March 1996 prior
to any air trapping or storage stability experiments, and ambient or application site
samples. The method used for the analysis of chlorpyrifos and chlorpyrifos oxon
was derived from thisinitial method validation study. With each set of samples
(trapping efficiency, storage stability study, ambient site samples, application site
samples or quality assurance samples) laboratory spikeswere donein triplicate as
outlined below. The spiking levels were 0.20 pg, 2.5 ug and 50 pg/sample.

Method

In separate experiments, 0.20 or 50 ug of chlorpyrifos or chlorpyrifosoxon, in
triplicate, was added to 30 mL of resin with a25 pL syringe and the solvent was
alowed to evaporate. 75mL (approximately two bed volumes) of pesticide grade
ethyl acetate, or the equivalent, was added to resin sample jars and the jars were
swirled for one hour at moderate speed, using arotary platform shaker. One half
of the total volume (37.5 mL) was transferred to a 100 mL round bottom flask and
the ethyl acetate was evaporated just to dryness with arotary evaporator and a
water bath temperature set at approximately 30 °C. The round bottom flask was .
rinsed with small aliquots (0.3 - 0.5 mL) of ethyl acetate, the flask swirled and the
sample was quantitatively transferred to a 15 mL centrifuge tube. The minimum
sample volume was 2.0 mL.

Analysis

A Hewlett Packard (HP) Model 5890 Series || gas chromatograph equipped with a
flame photometric detector (FPD) operated in the phosphorus mode (526 nm
filter), and aHP-CC System Injector-Autosampler (splitlessinjection) were used
to quantitate chlorpyrifos and chlorpyrifosoxon during the same chromatographic
run. The column used wasa0.53 mm (i.d.) X 30 m Rtx-1 wide bore capillary
column (1.5 micron film) (Restek Scientific). Data acquisition was accomplished
viaa TurboChrom® (version 4.1) data station (Perkin EImer) and data reductions
of the results were performed using an EXCEL@ (v. 7.0, Microsoft) spreadsheet
program and macro. It should be noted that there may be small discrepancies
(<1%) between averages cal culated manually from the tabulated data, dueto
rounding errors, with those numbers generated by the spreadsheets. Parameters
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for the analytical instrumentation are listed in Table 1. See Figure 1 for a
representativechromatogram.

Figure 1. 3pL Injection of 400 pg/uL Chlorpyrifos/Chlorpyrifos Oxon on GC-FPD.
280000 ,
4.962 Chlorpyrifos

260000 . |

240000 -

. \ 4,784 Oxon
220000 |

uV 200000
1
180000

160000 _

140000:~JL, N . ) JUL‘

0 2 4
Time (min)

Table 1. GC Instrument Parameters for Chlorpyrifos/Oxon

Injector | Detector | ]
Temp Temp | |nitial Rate Fina | Carrier Makeup Air  Hydrogen
250 °C 280 °C 180 [ 10°C/min [ 200 20 | 10 T 10 7

All samplesin an analytical set were quantified by using a6-point external linear
regression standard curve for both chlorpyrifos and chlorpyrifos oxon. Each
sample was injected twice and individual standard(s) aswell as standard curves
were interspersed between samples during each analysis (set). The average of
both analyses of each sample was reported. The analysis was baaed on a linear
regression of all the standardsinjected for that set. It should be noted that all
sample volumes were adjusted, prior to the actual quantitation, to fit within the
limits of the standard curve.
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Limit of Quantitation

Thelimit of quantitation (LOQ) for the analytical method for both the ambient
and application sites was derived from the following:

Minimum detection of the instrument for chlotpyrifos and chlorpyrifosoxon is
based on the minimum concentration injected that can be consistently quantitated.
This quantity, (0.050 ng/uL) along with the minimum total volume of the sample
and the fact that one-half of the sample isused for the analysis of both
compounds. Therefore, the LOQ is:

LOQ =0.050 ng/uL X 2.0 mL X 2 = 0.20 pg/sample

The limit of detection was 0.10 pg/sample. All sampleswith responses lessthan
the limit of quantitation, or was not detected, was assigned the value of <0.20
pg/sample for both chlorpyrifos and chlorpyrifosoxon.

Recoveries
Chlorpyrifos
Preliminary recovery datawas generated by fortifying four replicates at 50 ug
each of the XAD-4® resin with chlorpyrifos, and four replicates at the limit of
quantitation of 0.20 pg. Samples were spiked directly on the resin and the solvent
was then allowed to evaporate. Sampleswere extracted and one-half of each
sample was analyzed. Method recoveries for chlorpyrifos are given in Table 2.
The average recovery for all replicates of chlorpyrifos was 99 £ 7 percent.

Table 2. Recovery Data for Fortified Chlorpyrifos on XAD-4® Resin

Sample Fortification Recovery % Rec Average Standard

I.D. (ug) (ng) Deviation

014VS0R1 50 49.0 98%

015V50R2 50 49.6 99%

016V50R3 50 50.0 100%

017V50R4 50 49.9 100%

036V0.2R! 0.20 0.19 95%

037v0.2R2 0.20 021 105%

038V0.2R3 0.20 021 105%

039V0.2R4 0.20 0.18 90% 99% %

4
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Chlorpyrifos Oxon

Resin recovery studiesfor chlorpyrifosoxon were not initiated until May 1, 1996.
The average recovery for all replicates of chlorpyrifosoxon was 108 £ 6 percent.
Theresults of this study are presented in Table 3.

Table 3. Preliminary Laboratory Recoveries for Chlorpyrifos Oxon on XAD-4%° Resin

Sample Fortification ~ Recovery %Rec  Average Standard
.D. (1g) (ug) Deviation
082V50R1 50 50.6 101%
083V50R2 50 52.6 105%
084VSOR3 50 52.5 105%
088V0.2R1 0.20 0.23 114%
089V0.2R2 0.20 0.23 117%
090V0.2R3 0.20 0.21 103% 108% 6%

Freezer Storage Stability Study

A 37 day storage stability study was initiated for chlorpyrifos on March 24, 1996,
while a3 1-day storage stability study for chlorpyrifosoxon commenced on April
30, 1996. A total of 20 samples (30 mL resin each) were prepared: 10 resin
samples were fortified with 50 pg of chlorpyrifos and an additional 10 resin
sampleswerefortified with 50 ug of chlorpyrifosoexon. Four control resin
samples were included along with the fortified samples. All samples were stored
at -20°C for the duration of the study. Five of theten chlorpyrifosand one of the
control samples were extracted and analyzed on 4/30/96, and five of the ten
chlorpyrifosoxon and one of the control samples were extracted and analyzed on
5/31/96. The average recovery for chlorpyrifos was 92 + 3 percent and
chlorpyrifos oxon was 100 + 1 percent. There was no apparent conversion of
chlorpyrifosto chlorpyrifosoxon during the time of storage. Theremaining
storage stability and control samples were kept in a-20 °C freezer. The results for
all replicates, averages and standard deviations are listed in Table 4. ‘
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Table 4. Storage Stability Results for Chlorpyrifos and Chlorpyrifos Oxon

1:

Replicates'
1 2 3 4 5 Average Std. Dev.
Chlorpyrifos? 92 89 93 96 89 92 3
Chlorpyrifos Oxon’ 101 99 101 101 100 100 1

Control samples had <0.20 ug /sample chlorpyrifos and chlorpyrifos oxon.

2. Samples stored at -20 °C for 37 days.
3. Samples stored at -20 °C for 31 days.

Quality Assurance

Whileit was not arequirement to follow strict Good Laboratory Practices (GLP)
guidelines, quality assurance was kept at a maximum to keep the integrity of the
project. Controls (checks, blanks) and fortifications of controlswere run with
every set. Documentation for the project was at a maximum, including the use of
notebooks, instrument logbook and/or computer spreadsheets. All of the
necessary components were in place to assure that the study would be
reconstructible, aprimerequisite for a GLP study.

Confirmation of Chlorpyrifos and ChlotpyrifosOxon

The presence or absence of chlorpyrifosand chlorpyrifosoxon was qualitatively
confirmed for approximately ten percent of the samples using a Hewlett-Packard
6890 gas chromatograph coupled to amodel 5972A mass sel ective detector
(MSD) with Restek Rtx-1 30 m x 0.25 mm (. D.) column. An HP-GC System

| njector-Autosampler was used to inject (splitless mode) samples. The MSD was
operated in selective ion monitoring mode (SIM), observing the ion fragmentation
patterns of 258,286 and 3 14 for chlorpyrifos and 242,270 and 298 for
chlorpyrifos oxon. The dwell time for each ion was 100 msec. The limit of
detection for the GUMS qualitative data was 25 pg/uL for both chlorpyrifos and
chlorpyrifos oxon. Confirmation criteriaincluded the retention time, aswell as
the ratio of ions for each compound. Theion ratio was achieved by taking amass
spectra at the apex of the peak. Ion ratios deviation tolerances are usualy on the
order of 20 percent for the MSD (Reference 3); The parametersfor the
confirmation gas chromatography are given in Table 5. See Appendix E for
sample GC-M SD chromatograms and Appendix F for confirmation results.
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Table 5. GC/MS Instrument Parameters for Chlorpyrifos/Oxon Confirmation

Injector | Detector | Column Temperaiure(°C) Carrier Gas
Temp Temp | |nitial Rate Find  Hold| (He)

250°C 280 °C 100 | 20°C/min| 250 | 2min | | mL/min

II. ' TRAPPING EFFICIENCIES

Apparatus

The apparatus used for trapping efficiencies consisted of two 12 cm x 4 cm (id.)

Teflon@ cartridges (cups), (Savillex Corp). The resin was held in place by

installing 100-mesh stainless steel screens and a Teflon@ mesh retainer on each

side of the resin inside each cup. The cups were connected in tandem viaa
Teflon® tube (Figure 2) with the top cup, the primary trap, connected to the
bottom secondary trap (backup trap). Traps were attached to aonem x 1.2 cm

diameter lab rack that made the height of the sampling cups approximately one

meter above the sampling surface. The traps were adapted with Tygon® tubing (1
cmid. x 1 mmwall x 1.25 cm 0.d.) and connected the apparatus to a Staplex high
volume air sampler fitted with as-port Plexiglass@ manifold. Using 30 mL of 20-

50 mesh XAD-4® resin with this configuration, the flow rate for two trapsin
tandem will be between 25-35 [pm, approximately twice the sampling rate that

ARB personnel used in this study. See Figure 2.

-
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Figure 2. Trapping Efficiency Apparatus

Inlet
Front Glass Wool
Sampling
Cup
XAD-4
Back
Sampling
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N some 100 mesh
. o 2 , ‘/ Screens
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Staplex Air Pump

Procedure

A sampling train was made up with two Teflon sampling cartridgesin series.
Each cartridge was charged with 30mL of XAD-4® resin, atop Teflon@ retainer
was added to form asandwich and keep theresin from “vortexing.” Vortexing
can cause a“dishing” effect through the build up of resin on the sidesand a
thinning of resin in the center, thus possibly increasing the potential for
breakthrough. The backup trap was then attached to the primary trap with a short
piece of Teflon' tubing. The backup trap aso contained a 30 mL resin sandwich.
Acetone washed glass wool was placed above the resin-sandwich in the primary
cup and the wool was spiked with either 50 uL of chlorpyrifosor chlorpyrifos
oxon, using al .00 pg/uL solution. The solvent was allowed to evaporate for five
minutes prior to turning on the air pumps, so that only the compound of interest
remained. Flow rateswere measured at the beginning and end of each sampling
period.
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For chlorpyrifos, two trapping efficiency studies were run on the roof of the
Environmenta Toxicology building. Thefirst study, (Study A), was conducted
on March 23-24, 1996, when the average temperature was relatively cool. This
study consisted of three parts. 1) Four samplers as described above and one
control. The control sample consisted of glass wool, primary and backup traps
with XAD-4" resin but no compound. 2) This part was a primary and backup
sampler as described above but the chlorpyrifos was spiked directly onto theresin.
The flow rate was the samefor this part. 3) The same asin part 2) only there was
no air flow though the sampler for the 24-hour period. By analyzing the samples
from 2 and 3, one could ascertain if the glasswool or resin is causing breakdown
(oxidation of chlorpyrifosto the corresponding oxon) during the sampling period.

The second study, Study B, was conducted for 24 hours on May first and second,
where the meteorol ogical parameters of the trapping study would more accurately
reflect the meteorological conditions of the actual ambient and application
monitoring (>32 °C during the daytime sampling period). This set of experiments
consisted of the following: Experiment A: Three air samplersfortified with 50 ug
each of chlorpyrifos and Experiment B: Three air samplers with 50 pg each of
chlorpyrifos oxon. The compound of interest was added to the glass wool. Each
experiment had its own blank (control) sample consisting of glasswool, primary
and backup traps with XAD-4® resin, but no compound added to the glass wool.
All experiments were run for 24-hours. The resin samples were extracted and
analyzed as previously described. The glasswool was extracted by swirling with
ethyl acetate. For these experiments, there were no samples with either
chlorpyrifos or the oxon applied directly to theresin.

Thetrapping efficiency can be calculated using the following equation:
%trapping efficiency=_____ Amounttrapned X 100

(amt. spiked - amt. recovered on glasswool) X Lab Rec.

where the amount that actually volatilized isthe original amount spiked on the
glass wool minus the amount found on the glass wool after the experiment is
completed. Thelaboratory recovery term of the equationisusually left off for
those compounds that exhibit quantitative laboratory recoveries(> 90%).

In general, the above equation for trapping efficiency works well for compounds

with vapor pressures within the range of 10 and 10” torr and are relatively not
polar.
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Chlorpyrifos

Theresults of each of the replicates for the Study A, part 1 trapping experiment
(March 23-24, 1996, part1), are given in Table 6. The individual resultsfor the
Study B chlorpyrifos experiment, May |-2, 1996, are givenin Table 7. Upon
visual inspection of these resultsit can be seen that: 1) Chlorpyrifosisrelatively
volatile, only asmall amount was |eft on the glasswool and 2) approximately 96
percent of the amount that is volatilized is actually trapped on the primary resin.
For the amount found in the primary trap, 83 percent was as the parent while 13
percent was in the form of the oxon. None of the replicates had chlorpyrifos or
oxon breakthrough into the backup trap. The control resin trap did not collect any
chlorpyrifos or oxon. .

Table 6. Trapping efficiencies for Chlorpyrifos Conducted During March 23-24, 1996,
Part 1.

Parent Parent  Parent Trapping'’ Total Mass* Oxon in Oxon as® Sum of  Trap.Eff’

Sample Glass Wool Primary Backup Efficiency Recovery Primary Parent s+ o s+0

50 (ug) (ug) (ug) (1g) (%) (%) (ug) (ng) (ng) (%)
Trap Eff. Rep. | 0.49 40.0 co.10 81 81 6.47 6.78 46.8 94
Trap Eff. Rep. 2 0.16 371 co.10 74 75 7.08 7.42 44.5 89
Trap Eff. Rep. 3 0.25 42.6 co.10 86 86 6.18 6.48 49.1 98
Trap Eff. Rep. 4 0.43 4.7 co.10 86 86 6.40 6.71 49.4 99
Control Resin co.10 <0.10

L Trapping

efficiency for parent only.

2: Total mass recovered = (sum glass wool + primary + backup)yamount spiked x 100.
3: The equivalent amount chlorpyrifos exoen as Parent compound.

4: The sum of the chlorpyrifos oxon, as parent, and chlotpyrifos.

5: Thetotal trapping efficiency for parent and oxon.

For the Study A Part 2 experiment, where the sampler with a primary and
backup trap in tandem and chlorpyrifos was spiked directly to theresin, 96
percent of the chlorpyrifos was recovered in the primary trap asthe parent
compound. There was no breakthrough into the backup trap. For Part 3, where
the resin was spiked directly but with no air flow, 62% was recovered as
chlorpyrifos. There was no chlorpyrifos oxon analysis done for Parts 2 and 3.

For the study that was run during May, complications were observed.
Approximately the same amount of mass (S + 0) was trapped in the primary
trap as was during the March experiments. However, 43 percent of the
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chlorpyrifos was converted to chlorpyrifosoxon during the 24-hour
experiment. This is more than likely due to the increase in temperature for the
experimental period.

Table 7. Trapping efficiencies for Chlorpyrifos, May 1-2, 1996. Study B, exp. A

Trapping’  Total Mass® Oxonin Oxonas  sumof  Trap.Eff’
Sample Glass Wool Primary  Backup Efficiency Recovery — Primary Parent s+o0 (S+0)

50 (ug) (ng) (ng) (ng) (%) (%) (ng) (ng) (ng) (%)
Trap Eff. Rep. ! co. 10 174 co.10 35 35 19.3 20.3 37.6 75.3
Trap Eff. Rep. 2 co. 10 17.6 co.10 35 35 22.1 23.1 40.7 81.3
Trap Eff. Rep. 3 <0.10 17.9 co.10 36 36 20.6 21.6 39.5 79.0
Trap Eff. Rep. 4 co.10 20.4 <0.10 41 41 19.7 20.6 41.0 82.1
Control Resin co.10 co.10

1. Trapping efficiency for parent only.

2: Total massrecovered = (sum glasswool +primary +backupy¥amount spiked x 100.
3: The equivalent amount chlorpyrifos oxon as parent compound.

4: The sum of the chiorpyrifos oxon, as parent, and chlorpyrifos .

5: The total trapping efficiency for parent and oxon.

ChlorpyrifosOxon

Table 8 has the results of the chlorpyrifos oxon trapping study that was conducted
on May 1-2, 1996 on the Meyer Hall rooftop (Environmental Toxicology). The
average amount trapped was 74 percent with a standard deviation of 8.0 percent

and arange of 66 to 82 percent. There was no breakthrough of chlorpyrifos oxon
into the backup trap.
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Table 8. Chlorpyrifos Oxon Trapping Efficiencies Results for May 1-2. Study B, exp. B

Trapping’ Total Mass?

Sample Glass Wool Primary Backup Efficiency Recovery
50 (ug) (ug) (ug) (ug) (%) (%)
Trap Eff. Rep. ! co.10 41.1 <0.10 82 a2
Trap Eff. Rep. 2 co.10 40.1 co.10 80 80
Trap Eff. Rep. 3 0.1 33.0 co.10 66 66
Trap Eff. Rep. 4 co.10 34.5 co.10 69 69

Control co.10 co.10 col0 - e

1: Trapping efficiency for oxon only.
2. Total massrecovered= (sum glasswool + primary +backup)/amount Spiked X100.

Seiber etal in 1989, encountered similar problemswith methyl parathion
converting to theoxon when using the same trapping procedures (Reference 2).
Methyl parathion trapping efficiencies were approximately 50% during this study
and approximately 50% was converted to methyl parathion oxon. Trapping
efficiencies were done on adaily basis, on aroof top, during the 1987 rice
application season. These results were similar to those found for both
chlorpyrifos and chlorpyrifosoxon. ‘ The authors surmised that, under high
temperatures, the glasswool may have the potential to catalyze the transformation
of parent organophosphates to their corresponding oxons. (Reference 5).

Although not definitively resolved in this project, the data presented indicates that
conversion of chlorpyrifosto chlorpyrifosoxon may occur if field spikesare
fortified “on glasswool” and are “weathered” (ambient air sampling) on hot days.
Whereas conversion isdecreased if field spikes arefortified “on resin,” even for
“hot day” sampling. See QA field spike results.

However, a detailed explanation describing possible routes of the loss of material
is beyond the scope of this project contract.
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IV. AMBIENT AIR SAMPLING
Sampling Apparatus

The sampling apparatus for each site consisted of a motorized pump, and tubing
connected to asingle Teflon@ cup that was charged with 30 mL of XAD-4® resin.
All siteswere installed with primary samplers only and samplers had average flow
rates approximately 15 Ipm. Sampling durations were on the order of 24 hours.
On days selected by ARB personnel, duplicate samples were taken at each site.
With the exception of charging the Teflon@ air sampling cupswith XAD-4® resin,
ARB personnel were responsible for all air sampling including set up of the

sampling apparatus, sampling procedures, recording of data, and sample shipment
to the laboratory.

Sample Preparation

Air sample cartridges, for one weeks worth of air sampling, were pre-prepared by
TAL personnel with 30 mL of precleaned XAD-4® resin. These cartridges were
prepared on the weekend prior to the actual sampling by ARB personnel.
Cartridges were charged with resin, capped and stored at ambient temperature
until the time they were picked up by ARB personnel.

SampleCollection

Ambient sampling commenced on May 28, 1996 and concluded on June 29,
1996. For the most part, each week of sampling had four 24-hour periods which
were chosen at ARES personnel’ sdiscretion. All sampleswere kept inthefield

until thetime of delivery to TAL personnel. In general, sampleswere received
on the completion of the last sampling day of the week.

Sampl e S 't -

All samples were kept on dry ice from the time of sampling to the time the
sampleswere received by thelaboratory. Samples were boxed and placed inice

chests packed with dry ice and transported directly to the laboratory at the end of
the sampling week by ARB personnel.

13
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Analysis of Sets

Upon receipt of the samples, samples were logged into an Excel spreadsheet with
the ARB identification and log number. Also, each sample was given an unique
TAL identification number. All of the sample jar labels were checked against the
chain of custody. To insure the minimum of potential conversion and/or
degradation, all sampleswere worked up on the evening they were received and
analyzed within 24 hours of extraction. Laboratory fortification samples, in
triplicate, were prepared by adding 30 mL of XAD-4® resin to the same type of
jarsthat the ambient samples were in. The fortifications ranged from 0.2 to 50
ng/sample each, for chlorpyrifos and chlorpyrifos oxon. A laboratory control
resin sample, consisting of 30 mL of XAD-4® resin, was included with each set
analyzed. The analysis for chlorpyrifos and chlorpyrifos oxon was completed
within 48 hours of sample receipt.

Results

Chlorpyrifos

A daily summary of the chlorpyrifos detected in each sample for each siteis
presented in Table 9. A graph of thedaily chlorpyrifos concentrationis
presented in Figure 3. For chlorpyrifos oxon, adaily summary of the residues
detected in each sample for each site is presented in Table 10. A graph of the
daily chlorpyrifosoxon concentrationispresented in Figure4. Results of dl
individual samplesare givenin Appendix C.
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Table 9. Summary of Ambient Site Chlorpyrifos Results (ug/sample)

Sampling Ambient Sampling Site
Period
ARB J K S UC

5/28/96 <0.20 1.63 0.81 <0.20 0.54
5/29/96 <0.20 1.00 1.01 0.43 0.86
5/30/96 <0.20 1.37 0.78 0.66 1.29
6/2/96 0.79 <0.20 1.69 <0.20 0.42
6/3/96 <0.20 <0.20 8.27 <0.20 3.40
6/4/96 <0.20 6.30 2.1 0.30 0.68
6/5/96 <0.20 8.33 2.45 0.26 3.20
6/10/96 <0.20 2.15 2 0.64 2
6/11/96 0.46 2,52 0.92 0.37 0.70
6/12/96 0.44 3.33 -1.51 0.80 0.82
6/13/96 0.46 1.75 0.62 15.1 0.45
6/16/96 <0.20 0.39 1.48 0.47 <0.20
6/17/96 <0.20 0.39 1.84 0.52 <0.20
6/18/96 0.33 1.07 1.10 0.69 0.45
6/19/96 <0.20 0.93 0.69 0.70 0.32
6/24/96 <0.20 0.32 0.32 <0.20 0.23
6/25/96 <0.20 0.79 0.86 0.60 0.30
6/26/96 <0.20 0.69 0.63 <0.20 <0.20
6/27/96 <0.20 1.02 0.31 1.03 <0.20
6/28/96 <0.20 0.65 0.69 0.48 0.24
6/29/96 <0.20 0.28 0.29 <0.20 <0.20

1: Values for duplicate samples were averaged.
2: No sample sent to the laboratory
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Figure 3. Ambient Site Results for Chlorpyrifos (May 28-June 29).
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A dally summary of the chlorpyrifos oxon detected in each sample for each site
IS presented in Table 10 and Figure 4.
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Table 10. Summary of Ambient Site Chlorpyrifos Oxon Ambient Site Results (ng/sample)

Sampling Ambient Sampling Site”

Period

ARB J K S ucC
5/28/96 <0.20 1.07 1.47 0.36 0.83
5/29/96 <0.20 0.46 1.55 0.24 0.47
5/30/96 <0.20 0.32 2.60 1.81 0.62
6/2/96 1.21 0.22 2.74 <0.20 1.03
6/3/96 0.23 0.29 4.61 <0.20 3.53
6/4/96 <0.20 3.50 1.75 0.45 0.47
6/5/96 <0.20 2.79 1.68 0.24 1.07
6/10/96 <0.20 1.56 2 0.86 2
6/11/96 0.20 1.78 1.38 0.60 0.92
6/12/96 <0.20 1.10 1.05 0.78 0.71
6/13/96 <0.20 0.51 '0.25 1.67 0.45
6/16/96 <0.20 <0.20 0.54 0.27 0.37
6/17/96 <0.20 <0.20" 0.61 0.27 0.33
6/18/96 0.27 0.46 0.68 0.36 0.21
6/19/96 0.24 0.83 0.76 0.46 0.35
6/24/96 <0.20 <0.20 <0.20 <0.20 <0.20
6/25/96 <0.20 0.46 0.59 0.32 0.23
6/26/96 <0.20 0.22 0.22 <0.20 <0.20
6/27/96 <0.20 0.49 <0.20 0.33 <0.20
6/28/96 0.21 0.50 0.70 0.32 0.32
6/29/96 <0.20 0.20 <0.20 <0.20 0.29

1: Values for duplicate samples were averaged.

2: No sample sent to the laboratory.
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Figure 4. Ambient Site Results for Chlorpyrifos Oxon (May 28-June 29)
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All fortified XAD-4® resin laboratory check samples gave reasonable recoveries
for both chlorpyrifos and chlorpyrifosoxon. Therecovery for chlorpyrifos
laboratory/ambient validation samples was from 91% to 109% with an average
recovery of 99% and a standard deviation of 5% (n = 30). For chlorpyrifosoxon
the laboratory/ambient recovery range was from 85% to 117% with an average
recovery of 100% with a standard deviation of 7% with (n = 33). The results of
all laboratory validation samples, listed by week, are givenin Appendix B.

Table 11 hasthe results for the concurrent laboratory resin fortification samples
run with each set of ambient samples.
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Table 11. Average Laboratory Fortification Recovery for Ambient Site Analysis

Fortification
Level

(rg)

# Replicates

Chlorpyrifos (% Recovery)

Average

Standard
Deviation

Chlorpyrifos Oxon (% Recovery)

Average

Standard
Deviation

0.20

101

5

107

7

2.5

97

5

98

7

50

101

5

99

6

UCD - Field Soi

The objective of this study was to determine the amount, if any, of chlorpyrifos
converted to chlorpyrifosoxon once the resin had trapped the parent compound.
Therefore, these samples were fortified only with chlorpyrifos. Field spikes, five
replicates, were prepared by TAL personnel on 6/20/96, using the following
procedure. In order to properly assess small conversions, resin spikes were
prepared by the addition of 500 uL of a 100 pg/mL chlorpyrifos standard directly
onto 30 mL of XAD-4® resin that had been placed in Teflon air sampling cups.
The sampling cups that included the spiked resin, were capped then placed in a
cooler that contained dry ice. ARB personnel transported the fortified samplesto
the ARB ambient sampling site where one sample each period was collocated and
run concurrently with the ARB air sampler. The average recovery for
chlorpyrifos was 94 + 6 percent. The average percent conversion to the
corresponding oxon was 2 + 1 percent. The results are presented in Table 12.

Table 12. UC Davis Ambient Field Spikes

Sample L. D. ARB Log # Chlorpyrifos Recovered Chlorpyrifos Percent
(ug) (%) Oxon (ug) Conversion
FAUCD-1 106 45.4 91 1.2 3
FAUCD-2 112 52.0 104 0.7 1
FAUCD-3 119 47.1 94 0.5 1
FAUCD-4 129 45.1 90 2.0 4
FAUCD-5 135 46.5 93 1.14 3

A: There was 0.2 1 pg chlorpyrifos oxon found in the regular ARB-20 sample
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\RB Field and Trio Spi

A second set of field spikes were initiated in mid-June by ARB Staff. These

samples also were transported to the field and had air drawn through them at the

background site, and were returned to the TAL laboratory for analysis. The

resultsfor this study are givenin Table 13. The results of athird set of trip spikes

are presented in Table 14. These samples were “non-weathered” trip spikes:

samples that were fortified in the |aboratory, taken to the field and returned to the
laboratory without having any air drawn through them.

Table 13. ARB Ambient Field and Trip Spikes

Corresponding Parent® | Average® Oxon® Average®

Sample Ambient Recovery | Ambient | Net® Recovery | Ambient Netf

L D. Sample (ng) (ng) (18) (pg) (ng) (ng)
QAlA ARB-12 4.89 <0.20 4.89 5.54 <0.20 5.54
QA2A ARB-13 1.02 <0.20 1.02 <0.20 <0.20 -
QA3A ARB-14, ARB-14D 1.09 .0.32 0.77 0.24 0.34 -
QAdA ARB-15 136 <0.20 136 3.7 0.24 35
QASA ARB-15 46.0 <0.20 46.0 76.4 0.24 76.2

TmooQw>

Chlorpyrifosanalysis, average of two analysis.
Chlorpyrifosresiduein the collocated ARB site sample.
Net Chlorpyrifos residue determined by chlorpyrifos recovery minus chlorpyrifos at ambient site.
chlorpyrifos oxon analysis, average of two analysis.

Chlorpyrifosoxen residue in the collocated ARB site sample.

Net Chlorpyrifosexon residue determined by chlorpyrifos recovery minuschlorpyrifos at ambient site.
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Table 14. ARB Ambient Trip Spike Results

Ave. Parent | Ave. Oxon

Sample Recovery Recovery
L.D. (ug) )
QAIB 4.64 2.19
QA2B 1.96 1.69
QA3B 0.98 <0.20
QA4B 1.47 <0.20
QASB 0.22 1.44
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V.

APPLICATION SITE MONITORING

Sampling Apparatus

The sampling apparatus for each site consisted of a motorized pump, and tubing
connected to asingle Teflon cup that was charged with 30 mL of XAD-4® resin.
All siteswere installed with primary samplers only and samplers had average flow
rates approximately 15 Ipm. With the exception of charging the Teflon air
sampling cups with XAD-4® resin, ARJ3 personnel were responsible for all air
sampling including set up of the sampling apparatus, sampling procedures,
recording of data, and sample shipment to the |aboratory.

SamplePreparation

Air sample cartridges, for one weeks worth of air sampling, were pre-prepared by
TAL personnel with 30 mL of precleaned XAD-4® resin. These cartridges were
prepared on the weekend prior to the actual sampling by TAL personnel.
Cartridges were charged with resin, capped and stored at ambient temperature
until the time they were’ picked up by ARB personnel.

SampleCollection

Ambient sampling for Application Site commenced on June 2, 1996 and
concluded on June 6, 1996. All samples were kept in the field until the time of
delivery to TAL personnel. Ingeneral, sampleswere received on the completion
of thelast sampling day of the week.

Sample Storage and Shipment

All samples were kept on dry ice from the time of sampling to the time the
sampleswere received by the laboratory. Sampleswere boxed and placed inice
chests packed with dry ice and transported directly to the laboratory at the end of
the, sampling week by ARB personnel.

Analysis of Sets

Upon receipt of the samples, samples were logged into an Excel spreadsheet with
the ARB identification and log number. Also, each sample was given an unique
TAL identification number. All of the sample jar |abels were checked against the
chain of custody. To insure the minimum of potential conversion and/or
degradation, all sampleswere worked up on the evening they were recelved and
anayzed within 24 hours of extraction. Laboratory fortification samples, in
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triplicate, were prepared by adding 30 mL of XAD-4® resin to the same type of
jars that the ambient samples were in. The fortifications ranged from 0.2 to 50
ug/sample each, for chlorpyrifos and chlorpyrifos oxon. A laboratory control
resin sample, consisting of 30 mL of XAD-4® resin, was included with each set
analyzed. The analysis for chlorpyrifos and chlorpyrifos oxon was completed
within 48 hours of samplereceipt.

Results

Application Site Samples

Chlorpyrifos and chlorpyrifos oxon results may be found in Appendix C. A graph
of the chlorpyrifos concentration for agiven sampling period isgivenin Figure 5.

Figure 5. Application Site Results for Chlorpyrifos.
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Trip Spil
Four trip spikes were prepared by ARB staff. The trip spikes were prepared by

fortifying four 30 mL resin blank samples with an unknown quantity of

chlorpyrifos and chlorpyrifos oxon. The fortification of the resin was carried out
by ARB personnel and the levels of the fortifications were not disclosed to TAL
personnel until after completion of analysis. Sampleswere kept on dry ice and
transported to the application site area. The trip spikes were sent back to the
laboratory for analysis along with the first and second period application samples

onJune7, 1996 (Table 15).

Trin Soike Resul

Theresultsfor theindividual trip spikesare givenin Table 15. The percent
average recovery for the four chlorpyrifos samples was 99% with a standard
deviation of < 1% while the percent recovery for chlorpyrifosoxon was 99% and
a standard deviation of 4%.

Table 15. Application Site Trip Spike Results (ug/sample)

Sample Chlorpyrifos Oxon
I.D. Fortification Detected Recovery Fortification Detected Recovery
(ng) (1g) (%) (ug) (1g) (%)
S040-01 500 491 98 0.214
$040-02 250 247 99 25.0 25.7 103
S040-03 100 98.7 99 100 96.2 96
S040-04 B 250 245 98
178C° n.d. <0.20 n.d. <0.20
B r=t:

A: Oxon residue is probably due to a trace amount of the oxon in the chlorpyrifos standard.
B: Chlorpyrifos oxon concentration to high to determine significant quantity of chlorpyrifos.
C: Sample 178C was a laboratory control resin sample.
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VI. ARB QUALITY ASSURANCE

Additional quality assurance were samples prepared by ARB Staff, and were
analyzed by TAL personnel on July 22, 1996. The results of these analyses and
the results of three TAL laboratory fortifications analyzed on the same day are
given in Table 16.

Table 16. ARB Quality Assurance Sample Results.

Sample ARB Chlorpyrifos Chlorpyrifos Error Oxon Oxon Error
(1g) (ng) (%) (1) (ng) (%)
Number Number Fortified Found Fortified Found

310V2.5R16' 2.50 2.28 9 2.50 2.12 15

311V2.5R17 2.50 2.59 4 2.50 2.57 3

312V2.5R18! 2.50 2.70 8 2.50 2.72 9

309C Control 0 <0.20 0 <0.20

3132 QA-1C UNK? 5.04 NA* UNK’ 1.21 NA*
3142 QA-2C UNK’ 5.33 NA* UNK? 1.12 NA*
315° QA-3C UNK® 2.96 NA* UNK? <0.20 NA*
316 QA-4C UNK? 200.12 NA* UNK® 20.16 NA*
317 QA-5C UNK’ 5.05 NA* UNK? 1.29 NA*
318 QA-1L UNK? 5.82 NA* UNK? 2.80 NA*
319 QA-2L UNK* 1.08 NA* UNK? <0.20 NA*
320 QA-3L UNK? 5.41 NA* UNK® 3.01 NA*
3212 QA-4L UNK® 1.01 NA* UNK? <0.20 NA*
322% QA-5L UNK? <0.20 NA* UNK® <0.20 NA*
323? QA-6L UNK’ 10.36 NA* UNK® <0.20 NA*
324* QA-7L UNK? 9.95 NA* UNK? 5.51 NA*

. 325¢ QA-8L UNK® 2348 NA* UNK® 4.94 NA*
326* QA-9L UNK? 24.58 NA* UNK? 10.68 NA*
327 QA-10L UNK? 50.99 NA* | UNK 5371 | NAY

1. TAL Laboratory fortification samples
2: ARB QA Samples

3: Unknown

4: Not Applicable
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VII. PROJECT CONCLUSIONS

A method for chlorpyrifos and its transformation product, chlorpyrifosoxon, was
developed for air samples using XAD-4® as a trapping medium. Laboratory
recovery datafor both compounds were quantitative. The average |aboratory
recovery for chlorpyrifos was 99 + 5 percent while the average |aboratory
recovery for chlorpyrifosoxon was 100 + 7 percent

Results of two air trapping studies concluded the following: 1) At aflow rate of
approximately 30 L/min for 24 hours, no breakthrough was observed for
chlorpyrifos/chlorpyrifos oxon in the backup traps, either at moderate temperature
(approximately 20°C), or at higher temperature (approximately 35 °C, the
temperature of the air and Environmental Toxicology’sroof top for trapping study
done on May 1, 1996). 2) For the trapping efficiency study at low temperature
where aglasswool plug was spiked, the uncorrected recovery for total
chlorpyrifos was 95 percent with 82 percent as the parent and 13 percent asthe
oxon. 3) The quantity of oxon formed when resin was fortified directly and air
pulled through it for 24 hours at 30 mL/min was less than 3.0 percent. 4) For the
trapping efficiency study at high temperature where aglasswool plug was spiked,
the trapping efficiency was 79 percent with 36 percent in the form of the parent
and 43 percent in the form of the oxon. 5) For the parent compound, the total
average mass (the sum of the residue of the parent plus the oxon) recovered from
spiked air samples ranged from 75 to 98%. 6) Air trapping efficiency
experiments, at optimal conditionsfor this study (approximately 35°C), concluded
that approximately 79% of the potential vaporized compound would be trapped by
this method, and is comparable to other compounds with similar vapor pressures
and polarities.

Samples from an ambient site study, collected by ARB personnel, were analyzed
within 48-hours of receipt. For the ambient site study, 92 out of 210 total samples
had chlorpyrifos residues which were above the limit of quantitation of 0.20
micrograms/sample. There were 90 positive responses for chlorpyrifos oxon
abovethelimit of quantitation.

For the application site, chlorpyrifos and chlorpyrifos oxon were both detected
abovethelimit of quantitation for all samplestaken.

Quality assurance was kept to a maximum during the project by running three
fortifications with each set of samples analyzed. Also, the ARB Quality
Assurance Unit submitted blind-fortified samplesfor analysis.
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APPENDICIES

Appendix A. Preparation of XAD-4%® Resin

1.

2.

10.

11.

12.

13.

Add ~ 16 liters of XAD-4 resinto a61 x 29 cm cylindrical Pyrex container (~ 40 L).

Wet the resin with one gallon of methanol (Resi-grade or equivalent. [Caution: Theresin
will expand in the presence of organic solvents. This prevented rapid expansion of the
resin]).

Remove fines by overfilling the container with deionized water with the hose placed at
the bottom of the container and stirred vigorously.

Two liters of 0.25 N hydrochloric acid was added and stirred for 30 minutes.

Add water and vacuum off fines and water with an apparatus prepared with stiff tube
covered at the inlet end with gauze and the outlet end connected to alarge trap.

The container wasre-filled with DI water and stirred.

Steps#5 and 6 were repeated until the water above the resin was clear and the pH is that
of the deionized water.

Transfer cleaned resin to 1 gallon containers and store in methanol.
Transfer resin to alarge Soxlet extractor and extract resin with methanol for 24 hours.
Add fresh methanol and extract for another 24 hours.

Extract resin with ethyl acetate for 24 hours. Add fresh ethyl acetate and extract for an
additional 24 hours.

Dry theresin in avacuum oven (25 in. Hg) for 3-4 days at 65°C or until al trace of ethyl
acetateisgonefromtheresin.

Store resin in clean dry jars with Teflon@ lined lids. Store at room temperature until .
time of use.
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Appendix B. TAL Laboratory Fortifications Results for Chlorpyrifes and Chlorpyrifos Oxon

CHIorpyTi108 Recovery Thiorpynios Oxon Recovery
Sample Sample  Fortification | Amount  Percent =~ Average St Dev. | Amount Percent Average St Dev.
[.D. Date Level (ug) (ng) (%) (%) (%) (1g) (%) (%) (%)
[ 88 VU.2RT 3731793 020 U.21 % 0.27 T13%
—U89VU.2RZ 5731793 U201 02T T07% 0.23 7%
U90VU.IR3 SI31793 020 0O.19 3% 194 T03%
TT4VU.2R3 o77796 0201 0.20 T00% 0.20 T00%
TT5VU.2R5 o776 020 U220 T0T% 0.22 %%
TT6VOZRG o7 7796 U201 U.19 95% T0T% % 0.20 0% T07% %
A7 W N /) pA) TS T02%% 201 03%
180VISRZ | o796 5[ 23T 1% 237 %
TSTVZ3R3 7796 75 253 T02% 262 T05%
IT2VI3R3 /13796 251 232 7% 245 98%
I3VISKS 13796 31 239 T04% 257 105%
ZIAVISRE 13796 3 2.38 5% 233 3%
I56VZ.5R7 a9 25 B.68 A 237 95%
Z57VZSRE 740 251 4.77 A 243 9%
258V2IRY &2179% 23] 5.12 A 273 0%
Z60VZSRIOT o2%% 3 2.31 9% 2.33 9%
Z6TVISRIT | &/289% 251 2.38 5% 233 93%
262VZISR1Z I8 251 240 W% 2.37 95%
[IOSVZSRITT 771796, 3 233 3% 2.37 9%
J06VISRIZ 771798 5] I8 1%, 2.19 88%
JOTVISKTS 771796 3 227 1% 2.30 92%
JIOV23KRT6 772096 75 2.28 1% pAY] 5%
ITTVZ3RI7 TTZZ96 25 239 % 257 T03%
ITIV2SKRI8 7722796 751 270 T08% | 9/% 5% 272 5% | 98% | 7% |
USZVS0RT Y SO 51.7 T03% 50.6 01%
[ U83V0RZ ST1796 50 309 T02% 3526 T05% |
[ UBAVSOR3 | /1796 501 51.8 T03% 325 5%
[ 183V30R3 | o/379% 01 36.7 3% 438 ~ 98%
[ IS3V0RS | o/579% S0 50.1 T00% 30.7 0%
| IS5V50R6 [ /896 SO 37.7 5% 387 %%
[ 2ZI6V30RT | o/20/9% 501 333 0% 3U.7 01%
2T7V30RE S2079% S0 S0 T02% /I | %
[~ ZISVSURY 2096 50 395 | 9% | 0% % 331 8% V9% % |

A: Chlorpyrifos data not reported due to resin contamination, oxon data is unaffected.
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Appendix C. Ambient Site Individual Results for Chlorpyrifos and Chlorpyrifos Oxon

Trace Analytical Air Resources Board Chlorpyrifos | Chlorpyrifos Oxon
Laboratory ug/sample pg/sample
Receiving Date | Sample . D. | Sample Date Sample 1. D. Log #
5/31/96 92 5/28/96 ARB-01 1 <0.20 <0.20
5/31/96 93 5/28/96 J-01 2 1.63 1.07
5/31/96 94 5/28/96 S-1 3 <0.20 0.36
5/31/96 95 5/28/96 K-1 4 0.81 1.47
5/31/96 96 5/28/96 UC-1 5 0.54 0.83
5/31/96 97 5/29/96 ARB-02 6 <0.20 <0.20
5/31/96 98 5/29/96 ARB-02D 7 <0.20 <0.20
5/31/96 99 5/29/96 J-02 8 1.00 0.47
5/31/96 100 5/29/96 J-02D 9 1.00 0.45
5/31/96 101 5/29/96 S-2 10 0.41 0.23
5/31/96 102 5/29/96 S-2D 11 0.45 0.24
5/31/96 103 5/29/96 K-2 12 1.02 1.54
5/31/96 104 5/29/96 K-2D 13 1.55 0.99
5/31/96 105 5/29/96 uc-2 14 0.83 0.49
5/31/96 106 5/29/96 UC-2D 15 0.89 0.44
5/31/96 108 5/30/96 ARB-03 17 <0.20 <0.20
5/31/96 109 5/30/96 J-03 18 1.37 0.32
5/31/96 110 6/4/96 S-3 19 0.66 1.81
5/31/96 111 5/30/96 K-3 20 0.78 2.60
5/31/96 112 5/30/96 UC-3 21 1.29 0.62
6/6/96 117 6/2/96 ARB-04 23 0.79 1.21
6/6/96 118 6/2/96 K-1 24 1.69 2.74
6/6/96 119 6/2/96 S-1 25 <0.20 <0.20
6/6/96 120 6/2/96 J-04 26 <0.20 0.22
6/6/96 121 6/2/96 UC-1 27 0.42 1.03
6/6/96 122 6/3/96 ARB-05 28 <0.20 0.23
6/6/96 123 6/3/96 K-2 29 8.27 4.61
6/6/96 124 6/3/96 S-2 30 <0.20 <0.20
6/6/96 125 6/3/96 J-05 31 <0.20 , 0.29
6/6/96 126 6/3/96 UcC-2 32 3.40 3.53
6/6/96 127 6/4/96 ARB-06 33 <0.20 <0.20
6/6/96 128 6/4/96 K-3 34 2.10 1.75
6/6/96 129 5/30/96 S-3 35 0.30 0.45
6/6/96 130 6/4/96 J-06 36 6.30 3.50
6/6/96 131 6/4/96 UC-3 37 0.68 0.47
6/6/96 132 6/5/96 ARB-07 38 <0.20 <0.20
6/6/96 133 6/5/96 ARB-07D 39 <0.20 <0.20
6/6/96 134 6/5/96 K4 40 2.50 1.71
6/6/96 135 6/5/96 K-4D 41 2.40 1.64
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Appendix C. Ambient Site [ndividual Results for Chlorpyrifos and Chlorpyrifos Oxon (Cont.)

Trace Analytical

Air Resources Board

Chlorpyrifos | Chlorpyrifos Oxon
Laboratory ug/Sample ug/Sample
Receiving Date | Sample [. D. | Sample Date Sample [. D. Log #

6/6/96 136 6/5/96 S-4 42 0.30 0.27

6/6/96 137 6/5/96 S-4D 43 0.21 0.21

6/6/96 138 6/5/96 J-07 44 8.77 3.04

6/6/96 139 6/5/96 J-07D 45 7.89 2.53

6/6/96 140 6/5/96 uc-4 46 3.24 1.07

6/6/96 141 6/5/96 uc-4D 47 3.15 1.06
6/14/96 187 6/10/96 ARB-08 45 c0.20 0.20
6/14/96 188 6/10/96 J-8 46 2.15 1.56
6/14/96 189 6/10/96 S-8 47 0.64 0.86

6/14/96 190 6/11/96 ARB-09 48 0.46 0.20

6/14/96 191 6/11/96 J-9 49 2.52 1.78

6/14/96 192 6/11/96 S-9 50 0.37 0.60

6/14/96 193 6/11/96 K-9 51 0.92 1.38

6/14/96 194 6/11/96 UC-9 52 0.70 0.92

6/14/96 195 6/12/96 - ARB-10 53 0.31 <0.20
6/14/96 196 6/12/96 ARB-I0D 54 0.57 <0.20 A
6/14/96 197 6/12/96 J-10 55 3.29 1.10 _
6/14/96 198 6/12/96 JI0D 56 3.36 1.10 |
6/14/96 199 6/12/96 s-10 57 0.76 0.79 A
6/14/96 200 6/12/96 S-10D 58 0.83 0.77

6/14/96 201 6/12/96 K-10 59 1.61 1.12
6/14/96 202 6/12/96 K-10D 60 1.41 0.98

6/14/96 203 6/12/96 UC-10 61 0.89 0.68

6/14/96 204 6/12/96 UC-10D 62 0.74 0.74

6/14/96 205 6/13/96 ARB-11 63 0.46 <0.20
6/14/96 206 6/13/96 J-11 64 1.75 0.51

6/14/96 207 6/13/96 S-11 65 15.10 1.67

6/14/96 208 6/13/96 K-11 66 0.62 0.25

6/14/96 209 6/13/96 ucC-11 67 0.45 0.45

6/14/96 210 6/13/96 UC-11B 68 <0.20 <0.20
6/20/96 219 6/16/96 ARB-12 69 <0.20 <0.20
6/20/96 221 6/16/96 K-12 71 1.48 0.54

6/20/96 222 6/16/96 S-12 72 0.47 0.27

6/20/96 223 6/16/96 J-12 73 0.39 <0.20
6/20/96 224 6/16/96 UC-12 74 <0.20 0.37

6/20/96 225 6/17/96 ARB-13 75 <0.20 <0.20
6/20/96 227 6/17/96 K-13 77 1.84 0.61

6/20/96 228 6/17/96 S-13 78 0.52 . 0.27
6/20/96 229 6/17/96 J-13 79 0.39 <0.20
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Appendix C. Ambient Site Individual Results for Chlorpyrifos and Chlorpyrifos Oxon (Cont.)

Trace Analytical Air Resources Board Chlorpyrifos | Chlorpyrifos Oxon
Laboratory ug/Sample ug/Sample
Receiving Date | Sample I. D. | Sample Date Sample L. D. Log #

6/20/96 230 6/17/96 UC-13 | 80 <0.20 0.33
6/20/96 231 6/18/96 ARB-14 81 0.20 <0.20
6/20/96 232 6/18/96 ARB-14D 82 0.46 0.34
6/20/96 234 6/18/96 K-14 84 1.10 0.68

6/20/96 235 6/18/96 S-14 85 0.69 0.36
6/20/96 236 6/18/96 J-14 86 1.07 0.46
6/20/96 237 6/18/96 UcC-14 87 0.45 0.21
6/20/96 238 6/19/96 ARB-15 88 <0.20 0.24
6/20/96 241 6/19/96 K-15 91 0.69 0.81

6/20/96 242 6/19/96 K-15D 92 0.69 0.71

6/20/96 243 6/19/96 S-15 93 0.68 0.46
6/20/96 244 6/19/96 S-15D 94 0.72 0.45
6/20/96 245 6/19/96 J-15 95 0.80 0.72
6/20/96 246 6/19/96 + J-15D 96 1.05 0.93
6/20/96 247 6/19/96 UC-15 . 97 <0.20 0.37
6/20/96 248 6/19/96 UC-15D 98 0.44 0.32
6/20/96 249 6/19/96 Blank 99 <0.20 <0.20
6/28/96 263 6/24/96 ARB-16 105 <0.20 <0.20
6/28/96 265 6/24/96 K-16 107 0.32 <0.20
6/28/96 266 6/24/96 S-16 108 <0.20 <0.20
6/28/96 267 6/24/96 J-16 109 0.32 <0.20
6/28/96 268 6/24/96 UC-16 110 0.23 <0.20
6/28/96 269 6/25/96 ARB-17 111 <0.20 <0.20
6/28/96 271 6/25/96 K-17 113 0.86 0.59
6/28/96 272 6/25/96 S-17 114 0.60 0.32
6/28/96 273 6/25/96 J-17 115 0.79 0.46
6/28/96 274 6/25/96 UC-17 116 0.30 0.23
6/28/96 275 6/26/96 ARB-18 117 <0.20 <0.20
6/28/96 276 6/26/96 ARB-18D 118 <0.20 <0.20
6/28/96 278 6/26/96 K-18 120 0.65 <0.20
6/28/96 279 6/26/96 K-18D 121 0.61 0.24
6/28/96 280 6/26/96 S-18 122 <0.20 <0.20
6/28/96 281 6/26/96 S-18D 123 <0.20 <0.20
6/28/96 282 6/26/96 J-18 124 0.74 0.22
6/28/96 283 6/26/96 J-18D 125 0.64 0.21
6/28/96 284 6/26/96 UC-18 126 <0.20 <0.20
6/28/96 285 6/26/96 UC-18D - 127 <0.20 <0.20

7/2/96 286 6/27/96 ARB-19 128 <0.20 <0.20
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Appendix C. Ambient Site Individual Results for Chlorpyrifos and Chlorpyrifos Oxon (Cont.)

Trace Analytical Air Resources Board Chlorpyrifos | Chlorpyrifos Oxon
Laboratory pg/Sample pg/Sample
Receiving Date | Sample I. D. | Sample Date Sample [. D. | Log #
7/2/96 288 6/27/96 K19 130 0.31 | <0.20
| 712196 289 6/27/96 S19 131 1.03 0.33
7/2/96 290 6/27/96 9 132 1.02 0.49
7/2/96 201 6/27/96 Uc-19 133 €0.20 €0.20
7/2/96 292 6/28/96 ARB-20 134 €0.20 0.21
7/2/96 294 6/28/96 K-20 136 0.69 0.70
7/2/96 295 6/28/96 5-20 137 0.48 0.32
7/2/96 29 6/28/96 1-20 138 0.65 0.50
7/2/96 297 6/28/96 UC-20 139 0.24 0.32
7/2/96 298 6/29/96 ARB-21 140 <0.20 <0.20
7/2/96 299 6/29/96 K-21 141 0.29 <0.20
7/2/96 300 6/29/96 S-21 142 <0.20 <0.20
7/2/96 301 6/29/96 J21 143 0.28 0.20
7/2/96 302 6/29/96 uc-21 144 <0.20 0.29
7/2/96 303 6/29/96 Blank 145 <0.20 <0.20
34
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Appendix D. Application Site Results for Chlorpyrifos and Chlorpyrifos Oxon Results

ARB Type TAL Sample Chlorpyrifos Chlorpyrifos Oxon
Log # Sample Name LD pg/sample pg/sample
Control Resin 182C <0.20 <0.20
1 E-1 143 11.7 0.59
3 S-1 144 15.3 0.81
5 N-1 145 5.21 0.20
6 S-2 146 125 6.93
7 E-2 147 424 3.34
8 E-2D 148 61.2 3.73
9 N-2 149 46.7 3.33
10 S-3 150 0.25 0.22
11 E-3 151 21.3 2.55
12 E-3D 152 68.5 437
13 N-3 153 15.7 2.44
14 N-4 154 0.93 2.33
15 S-4 155 1.94 2.69
16 E-4 156 10.4 6.98
17 E-4D 157 9.82 7.15
18 N-5 158 10.1 0.98
19 S-5 159 48.6 3.18
20 E-5 160 20.0 2.60
21 E-5D 161 38.5 3.15
22 N-6 162 207 11.2
23 S-6 163 34.5 4.92
24 E-6 164 334 4.89
25 E-6D 165 325 4.45
26 N-7 166 130 8.61
27 S-7 167 66.7 5.66
28 E-7 168 13t 14.5
29 E-7D 169 138 14.9
31 N-8 170 934 18.3
32 S-8 171 59.4 8.48
33 E-8 172 102 16.9
34 E-8D 173 103 18.1
30 APP-B1 186 <0.20 <0.20
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Appendix E. MSD Chromatograms for Confirmation of Chlorpyrifos and Chlorpyrifos
Oxon

Chi ifos Analvsi

Figure 6. 50 pg/puL of Chlorpyrifos/Chlorpyrifos Oxon
Figure 7. XAD-4 Resin Blank

Figure 8. 2.5 ug Chlorpyrifos/Chlorpyrifos Oxon Resin Fortification
Figure 9. Ambient Site Air Sample

Chl ifos O snalysi
Figure 10. 25 pg/uL of ChlorpyrifosKhlorpyrifos Oxon

Figure 11.  XAD-4 Resin Blank

Figure 12.  2.5pg Chlorpyrifos/Chlorpyrifos Oxon Resin Fortification
Figure 13.  Ambient Site Air Sample
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Appendix F. Qualitative MSD Confirmation Results

Sample ID Sample Type MSD Analysis Chlorpyrifos Chlorpyrifos
Date Oxon
091C Control Resin Sample 6/5/96 - -
088V0.2R1 0.20 ug Resin Fort 6/5/96 +2 +
Standard 50 pg/uL 6/5/96 + +
ARB-3 Ambient Air Sample 6/5/96 + +
K-3 Ambient Air Sample 6/5/96 + +
B-1 Resin Blank 6/6/96 - -
089V0.2R2 0.20 pug Resin Fort 6/6/96 + +
Standard 50 pg/uL 6/6/96 + +
Standard 25 pg/ul. 6/6/96 + +
J-1 Ambient Air Sample 6/6/96 + +
K-1 Ambient Air Sample 6/6/96 + +
S-1 Ambient Air Sample 6/6/96 + +
142 Resin Blank 6/17/96 - -
212V2.5R4 2.5 ug Resin Fort 6/17/96 + +
Standard 50 pg/uL 6/17/96 + +
118K-1 Ambient Air Sample 6/17/96 + +
123 K-2 Ambient Air Sample 6/17/96 + +
126 UC-2 Ambient Air Sample 6/17/96 + +
138 J-4 Ambient Air Sample 6/17/96 + +
152 E-3D Ambient Air Sample 6/17/96 + +
162 N-6 Application Site 6/17/96 + +
188 J-8 Ambient Air Sample 6/17/96 + +
197 J-10 Ambient Air Sample 6/17/96 + +
201 K-10 Ambient Air Sample 6/17/96 + t
2078-11 Ambient Air Sample 6/17/96 + +
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Appendix F. Qualitative MSD Confirmation Results (Cont.)

Sample ID Sample Type MSD Andysis Chlorpyrifos Chlorpyrifos
Date Oxon
168 E-7 Application Site 6/22/96 + +
171S8 Ambient Air Sample 6/22/96 + +
Standard 25 pg/ul 6/22/96 + +
221 K-12 Ambient Air Sample 6/22/96 + +
227 K-13 Ambient Air Sample 6/22/96 + +
242K-15D Ambient Air Sample 6/22/96 + +
247 UC- 15 Ambient Air Sample 6/22/96 u +
271 K-17 Ambient Air Sample 7/2/96 + +
2713 }17 Ambient Air Sample 7/2/96 u +
278 K-18 Ambient Air Sample 7/2/96 + +
282 }18 Ambient Air Sample 7/2/96 + +
Standard 50 pg/uL 7/2/96 + +
289 S19 Ambient Air Sample 7/2/96 + +
290J-19 Ambient Air Sample 7/2/96 + +
294 K-20 | Ambient Air Sample 7/2/96 + +
296 }20 Ambient Air Sample 7/2/96 + +
225ARB-13 Ambient Air Sample 7/16/96 + +
228 S13 Ambient Air Sample 7/16/96 + +
234 K-14 Ambient Air Sample 7/16/96 + +
243 515 Ambient Air Sample 7/16/96 + +
Standard 50 pg/ul 7/16/96 +
268 UC-16 Ambient Air Sample 7/16/96 t
H 212 S17 | Ambient Air Sample 7/16/96 + +
291 UC-19 Ambient Air Sample 7/16/96 + +
292 ARB-20 Ambient Air Sample 7/16/96 + +
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Appendix F. Qualitative MSD Confirmation Results (Cont.)

Sample ID Sample Type MSD Analysis Chlorpyrifos Chlorpyrifos
Date Oxon
297 UC-20 Ambient Air Sample 7/16/96 + +
300521 Ambient Air Sample 7/16/96 + +
302 uC-21 Ambient Air Sample 7/16/96 + +

1. Noresidue detected at the 25 pg/pL level.
2. Residue detected above the 25 pg/pL level.
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Appendix G. Standard Operating Procedures for Analysis of Chlorpyrifos and
Chlorpyrifos Oxon in Ambient Air.

SCOPE

The method utilized is a gas chromatographic method with a flame photometric detector
(FPD) and a526 run filter that is selective for phosphorus compounds. This method has
been used by Environmental Toxicology personnel for the analysis of organophosphates
inair.

SUMMARY OF METHOD

Exposed XAD-4® resin samples are stored either in an ice chest with dry ice or at -20°C
in afreezer. Samplesare extracted with 75 mL ethyl acetate and analiquot is
concentrated prior to injecting 3 pL on to a gas chromatograph equipped with aflame
photometric detector.

INTERFERENCES/LIMITATIONS

Potential interferences may arise due to contaminantsin laboratory solvents, reagents,
glasswareand/or apparatus. A reagent blank must be run through the method procedure
and analyzed with each set of samples.

EQUIPMENT AND CONDITIONS

A. Instrumentation

Hewlett-Packard 5890 Series || Gas Ghromatograph
Hewlett-Packard GC System I njector-Autosampler
Perkin-Elmer TurboChrom® DataSystem, v. 4.1
Microsoft Excel @, v. 7.0

Injector : 250 °C
Detector: 225°C
Column: Rxt-1 30 m x 0.53 mm wide bore capillary with a 1.5 pm film thickness

Temperature program: initial: 180 °C, hold 1 min, ramp to 220 °C @ 10 °C/min; hold' 1
min. Retention time : chlorpyrifos oxon = 4.68 min. ; chlorpyrifos = 4.87 min. Both
chlorpyrifos and chlorpyrifosoxon are analyzed during the same chromatographic run.
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Flows:

Carrier (He) = 20 mL/min
Make-up (He) =10 mL/min
Air= 115 mL/min
Hydrogen = 100 mL/min

B. Auxiliary Apparatus

1. Rotary platform shaker

2. 100 mL round bottom flasks

3. 50 mL graduated cylinders

4. Rotary evaporator

5. Disposable pipettes

6. Nitrogen evaporator (N-Evap®)

7. Graduated 15 mL centrifuge tubes
8. Autosampler vials and screw caps

C. Reagents

1. Ethyl acetate, pesticide grade
2. Chlorpyrifos, Dow Elanco 99% or equivalent
-3. Chlorpyrifos oxon, Dow Elanco 95% or equivalent

ANALYSIS OF SAMPLES

1. A solvent blank will be analyzed with each set of samples. The blank must be
free of interferences for the analysis of both chlorpyrifos and chlorpyrifos oxon.

2. Three resin fortification samples must be fortified, extracted and analyzed with
each set of samples.

3. Allow samplesto come to room temperature and add 75 mL of ethyl acetate.
Cap the sample and swirl for one hour on arotary platform shaker.

4. Quantitatively transfer 37.5mL to a 100 mL round bottom flask and evaporate
the solvent to near dryness using arotary evaporator.

5. Transfer sample using small aliquots of ethyl acetate to a graduated centrifuge
tube. Adjust sample to an appropriate volume for injection on to the GC-FPD.
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6. Transfer an aliquot of the adjusted sample to an Autosampler vial.

7. Inject 3uL of sample, along with the appropriate standard concentrations for
chlorpyrifos and chlorpyrifos oxon, into the gas chromatograph. | the peak area

for either the parent or the oxon, islarger than the highest standard, dilute the
samplewith ethyl acetate and re-inject.

8. Calculate the massin pg based on the linear regression curve for
TurboChrom® and the appropriate dilution factors.
Concentration (ug/mL) X Dilution Factor (n& )/Sample = pug/sample.

QUALITY ASSURANCE

A. Instrument Reproducibility

Triplicateinjections of three standards at five different concentrations were made

to establish the reproducibility of the instrument. The datafor chlorpyrifosis
givenin Table 1.

Table 1. Instrument Reproducibility for Chlorpyrifos

Chlorpyrifos
injected Integration Percent
(pg/ul) Counts (%)
25 10682 + 314 +2.94
50 20852 £ 961 +4.60
100 41856 + 1247 298
200 88037 + 822 +0.93
400 166594 + 9457 +5.68

Table 2. Instrument Reproducibility for Chlorpyrifos Oxon

Chlorpyrifos Oxon
injected Integration Percent
(pg/uL) Counts (%)
25 8503 + 826 +9.71
50 17831 + 1487 +8.34
100 35611 £ 4134 +11.6
200 73796 £ 6627 +8.98
400 143990 + 19886 +1338
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B. Linearity

A five point calibration curve of chlorpyrifos and chlorpyrifosoxon, with
concentrations ranging from 0.025 ug/mL to 0.40 ug/mL, wasinjected 5 times
during the course of arun that included atotal of 72 injection. Therunincluded
XAD resin samples and fortified resin samples. The corresponding equations and
correlation coefficients are:

For chlorpyrifos:

Y =420.616 *x + 296.404  Corr (r*) = 0.9966

For chlorpyrifosoxon:
Y =368.0479*x - 27.656  Corr () = 0.9834
C. Minimum Detection Limit

The minimum detection limit (mdl) is set by the minimum concentration injected
(25 pg/uL) times the minimum total volume (2.0 mL) times the dilution factor
(one-half of the sample used). The minimum detectable is 0.10 pg/sample.

Assuming atotal air sampling rate of 15 Ipm for 24 hours, the total air volume
processed would be: 21 m® and the air concentration = 0.10 pg/21 m® = 4.6 ng/m’

D. Laboratory Recovery Dataand Air Collection Efficiency (air trapping) of
Chlorpyrifos and Chlorpyrifos oxon

L aboratory recovery datafor chlorpyrifosand chlorpyrifosoxon isgivenin Table
3and 4 while air collection datafor chlorpyrifos run on March 23, 1996 isgiven
in Table 5. A second set of air collection datafor chlorpyrifosisgivenin Table
6. Theair collection datafor chlorpyrifosoxon isgivenin Table 7.

Themajor difference between Tables 5 and 6 isthat the ambient temperature was
different for the corresponding experiment. It should be noted that glasswool is
used only for trapping experiments and not during ambient or application site
sampling. From the datain Tables 5 and 6, as well as previous experimentation, it
appearsthat glass wool is aprime cause of the conversion of a
thioorganophosphate to its corresponding oxon.
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Table 3. Laboratory Recovery of Chlorpyrifosfrom Resin Spikes

Fortification Recovery
Sample (ug) (ug) % Rec  Average  Stdev.
014V50R1 50 48.97 98%
015VS0R2 50 49.56 99%
016V50R3 50 50.04 100%
017VSOR4 50 49.85 100%
036V0.2R1 0.20 0.19 95%
037V0.2R2 0.20 0.21 105%
038V0.2R3 0.20 0.21 105%
039V0.2R4 0.20 0.18 90% 99% %

Table 4. Laboratory Recovery of Chlorpyrifos/Oxon from Resin Spikes

Fortification Recovery Parent

Parent

Oxon

Parent Parent Recovery Oxon

Oxon

Oxon

Sample (ng) (ng) % Rec Average Stdev. (ug) % Rec Average Stdev.
082V50R1 50 5170 103% 5056 101%
083V50R2 50 5086  102% 5260  105%
084V50R3 50 5143 103% 5245  105%
088V0.2RI 0.2 021  106% 023 114%
089V0.2R2 0.2 021  107% 0.23 117%
090V0.2R3 0.2 019  94%  103% 5% 0.21 103%  108% 6%

Table 5. Chlorpyrifos Air Collection Experiments Run on March23, 1996* & ¢

Trapping Total Mass Oxonin Oxonas Sumof Trapping

Sample Glass Wool Primary Efficiency Recovery Primary Parent P+ 0  Efficiency

50 (1g) (rg) (1g) (%) (%) (wg)  (g)  (ng) (%)
Trap Eff. Rep. | 0.49 40.04 81 81 6.47 6.78 46.82 94
Trap Eff. Rep. 2 0.16 37.10 74 75 7.08 7.42 44.52 89
Trap Eff. Rep. 3 0.25 42.57 86 86 6.18 6.48 49.05 98
Trap Eff. Rep. 4 043 42.67 86 86 6.40 6.71 49.38 99

A: Samplers ran for 24 hours @ ~ 25 Lpm; Maximum temperature 20 °C
B: No chlorpyrifos or chlorpyrifos oxen was found in the back up trap

C: No chlorpyrifos oxon was found on the glass wool samples
“Oxon as Parent” is amolar conversion of the oxon to the parent compound.
“Sum of P+ O” is the sum of the converted oxen and the parent found.

“Total Mass Recovery” is=[(Glass wool (ug) + Primary (ug)) x 100)/amt. spiked (ng).

‘Trapping Efficiency” is = (Primary (ug) X 100)/(amt. spiked (ng) - amt. recovered on Glasswool).

52

81



Table 6. Chlorpyrifos Air Collection Experiments Run on April 30, 199642<¢

Trapping Total Mass Oxon in Oxon as Sumof 1rapping
Sample Glass Wool Primary Efficiency Recovery Primary Paret P+O  Efficiency

50 (ug) (ug) (ug) (%) (%) (ng) (ug) (ng) (%)
Trap Eff. Rep. 1 <0.10 17.38 35 35 1932 2025 37.63 75
Trap Eff. Rep.2  <0.10 17.55 35 35 2206 23.12  40.67 81
Trap Eff. Rep.3  <0.10 17.93 36 36 2058  21.57  39.50 79
Trap Eff. Rep.4  <0.10 20.38 41 41 1971 2065 41.03 82

A: Samplers ran for 24 hours @ ~ 25 Lpm; Maximum temperature 35 °C
B: No chlorpyrifos or chlorpyrifos oxon was found in the back UP trap
C: No chlorpyrifos oxon was found on the glass wool samples

Table 7. Chlorpyrifos Oxon Air Collection Experiments Run on April 30, 1996 €

Trapping Total Mass
Sample Glass Wool Primary Efficiency Recovery

50 (ug) (ug) (1g) (%) (%)
Trap Eff. Rep.1  <0.10  41.10 82 ° 82
TrapEff.Rep.2  <0.10  40.14 80 80
Trap Eff. Rep. 3 0.1 32.98 66 66
Trap Eff. Rep.4  <0.10  34.52 69 69

A: Samplers ran for 24 hours @ ~ 25 Lpm; Maximum temperature 35 °C
B: No chlorpyrifos or chlorpyrifos oxon was found in the back up trap
C: No chlorpyrifos was found on the glass wool samples

E. Storage Stahility

Table 8. Chlorpyrifos Storage Stability Samples*

Fortification Recovery

Sample (ug) (ng) %Rec  Average  Stdev.
002S50R1 50 46.13 92%
003S50R2 50 4429 89%
004S50R3 50 46.27 93%
005S50R4 50 48.19 96%
006S50RS5 50 4438 89% 92% 3%

A:3/24/96-4/30/96, 37 Days of Storage in -20°C Freezer.
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Table 9. ChlorpyrifosOxon Storage Stability Samples*

Fortification Recovery
Sample (ug) (ug) % Rec Average  Stdev.
041S50R11 50 50.45 101%
042850R12 50 49.41 99%
043S50R13 50 50.45 101%
044S50R 14 50 50.72 101%
045S50R15 50 50.16 100% 100% 1%

A: 4/30/96-5/31/96, 31 Days of Storage in -20°C Freezer.
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Appendix H. Blank Resin Contamination.

During the analysis of 6/14/96 and 6/21/96 ambient samples, it was noticed that the |aboratory
resin blanks had residues of chlorpyrifos. The amount of chlorpyrifos found for 6/14/96 and
6/21/96 resin blanks were 0.54 and 1.94 ug, respectively. The source of the contamination was
traced to a hood where the air sampling cartridges were filled with resin. Prior to the 6/14/96
analysis, on 6/11/96, fifteen chlorpyrifos/chlorpyrifos oxon quality assurance samples had been
prepared using this hood. This procedure may have been the source of the contamination. The
following steps were taken to prevent contamination to ambient resin samples.

Thefilled cartridges sent out for the next weeks ambient air sampling were recalled and sample
cartridges werefilled with new resin from adifferent lot (jar). Astheresult of the hood/resin
contamination, the area for loading cartridges with resin was moved to adifferent location and a
new lot of resin was used. Thislot of resin was checked for residues of chlorpyrifos prior to use
for the project.

This contamination does not fully explain the irregular quality assurance results for samples
fortified with chlorpyrifos/chlorpyrifos oxon analog on6/11/96. All quality assurance sample
fortified with chlorpyrifos/chlorpyrifos’oxon analog (4 application and 10 laboratory fortification
samples) and concurrent validation (30 samples) run prior to, and subsequent to this set of
quality assurance samples, were well within the acceptable recovery range.

There was no negative affects on the ambient and application sampling parts of the project. All
field resin blank sampleswere below the limit of detection for chlorpyrifos. Furthermore, the
background site did not have abnormal residues of chlorpyrifos detected.
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APPENDIX Il

QMOSB AUDIT REPORT




Pete Ison

Cal/lE A Governor
Californi James M. Strock
o VENDRANDUM e
Eggg“on . Protection
TO Ceorge Lew, Chief
@ﬂ_ Engi neering and Laboratory Branch
L THROUGH: ef f Cook, Chief .
Air Resour ces Board ality Managenent and Operations
P.0. Box 2815 pport Branch
2020 L street ’
Sacrameato, CA FROV Ahice Westerinen, Manager W_/
95812-2815 Qual ity Assurance Sectio
DATE: May 28, 1997
SUBJECT: CHLORPYRI FOS QA SYSTEM AUDI T REPORT

Since there were no conments on the final draft
system audit report dated April 18, 1997, please consider
that report to be the final systemaudit report.

Thank you for participating in this audit. |f
have any questions, please contact M. Russell Gace Y
(916) 322-7317.

ou
t

Attachment

cc: Cindy Castronovo
Kevi n Mongar .~
Russel | G ace

rdg/T10N15IU
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STATE OF CALIFORNIA Al R RESOURCES BOARD
MONI TORI NG AND LABCRATORY DI VI SI ON
QUALI TY ASSURANCE SECTI ON

SYSTEM AUDIT REPORT
APPL| CATI ON AND AMBIENT AR MONI TORI NG
OF CHLORPYRI FOS
IN

TULARE COUNTY

FINAL DRAFT

APRIL 1997
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EXECUTI VE SUMVARY

At the request of the California Departnent of Pesticide

Regul ation (DPR), the Engineering and Laboratory Branch (ELB)
of the Air Resources Board (ARB) began conducting application
and anbient air sanpling in Tulare County, California, during
the months of My through July, 1996. This nonitoring was
conducted to determne the airborne concentrations of “the
pesticide chlorpyrifos and the chlorpyrifos oxon during a
three-day application air nonitoring study in the vicinity of
a treated field during application, and a five-week anbient
air nonitoring study 1n populated areas surrounding the
application site. The sanples were collected by ELB and

anal yzed by the Trace Analytical Laboratory (TAL), Departnment
of Environmental Toxicology, University of California, Davis.

The Quality Assurance Section (QAS) of the ARB’s Monitoring
and Laboratory Division (MD) conducted a system audit of the
field and |aboratory operations to review the sanple handling
and storage procedures, analytical nethodology, and nethod
validation. In general, the |aboratory practices were
consistent with the Quality Assurance Plan for Pesticide
Monitoring (ARB, February 4, 1994).

Additionally, QAS staff conducted performance audits of the
air monitoring sanplers. The performance audits of the air
monitoring sanplers were conducted to evaluate the flow rate
accuracy. The flow rate audit was conducted on June 17,
1996. The difference between the reported and assigned flow
rates for the application air sanplers averaged 0.6% and
ranged from -1.4% to 39%. The difference between the
reported and assigned flow rates for the anbient air sanplers
averaged 2.8% and ranged from0.8% to 5.5%

To determne the effectiveness of the analytical procedure,

| aboratory performance audits were conducted during the study
fromJune 1996 through July 1996. A total of 15 quality
assurance (QA) audit sanples were spiked with known anounts
of QAS’s standard solution of chlorpyrifos in ethyl acetate
and chlorpyrifos oxon in ethyl acetate. The 15 audit sanples
were designated as QA field spikes, QA trip spikes, and QA

| aboratory spikes. The QA field spikes were exposed to the
same handling and storage conditions and al so exposed to the
same environmental and monitoring conditions as those
occurring at the tine of anbient sanpling. The QA trip
SEikes followed the same handling and storage conditions of
the anbient sanples and the QA laboratory spikes were stored
at TAL’s storage freezer and then analyzed at TAL.

The TAL notified Qas that while they were analyzing their
quality control blank xAD-4 adsorbent resin and chlorpyrifos
fortified XAD-4 adsorbent resin sanples, chlorpyrifos

-1-
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contam nation was detected in some blank sanples.  gjpce the
XAD-4 adsorbent resin used for the blank sanples cane £Fom
the sane lot (bottle) used for the QA audit saggles, TAL

war ned QAS of the possibility that the 15 QA anbient audit
sanples may al so be contam nated. The TaL’s revi ew of the
material records determned that the XAD-4 adsorbent resin
was used for the QA sanples and for one set of TAL’s quality
control sanples.

Anal yses of the QA sanples were conducted and the results did
prove the XaD-4 adsorbent resin used in the QA sanple
cartridges were contam nated. Therefore, the QA trip, QA
field, and QA laboratory chlorpyrifos spikes results were
invalidated. The contaminated adsorbent resin was not used
in any of the anmbient or application air sanple cartridges
used for air nonitoring.

On July 19, 1996, a nmke-up batch of ten QA |aboratory
sanpl es were sPiked wi th known amounts of QAS’s standard
solution of chlorpyrifos in ethyl acetate and chlorpyrifos
oxon in ethyl acetate. The QA spikes were stored in TAL's
storage freezer at -20° Celsius for three days and were

anal yzed by TAL on July 22, 199.6. The results of the

anal yses indicate the difference between the assigned and the
reported total mass of chlorpyrifos and chlorpyrifos oxon
averaged 4.8% with a range of -5.3%to 14.9% After review
and discussions with ELB staff, the QA |aboratory anal ytica
performance audit data were determned to be reasonable.

CONCLUSI ON

Operations

The records for field operations, sanple handling procedures,
anal ytical nethodol ogy, and method ngidation were in
agreenent with the Quality Assurance Plan for Pesticide
Moni t ori ng.

Field Fl ow Rates

The results of the reported flow rates were in good agreenent
with the actual flow rates neasured by Qas staff.

Laboratorv Accuracy

The first set of 15 QA anal ytical performance audit sanples
were invalidated due to the fact that the XAD-4 adsorbent
resin used in the QA sanple cartridges were determned to be
contam nated with chlorpyrifos. The sanple cartridges were
assenbled by TAL. The TAL’s review of the material records
determ ned that the XAD-4 contam nated adsorbent resin was

-2-
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used for the QA sanples and for one set of TAL’s quality ™
control sanples. The contami nated adsorbent resin was not

used in any of the anbient or application air sanple
cartridges used for air monitoring.

The second set (nmake-up batch) of ten QA |aboratory audit
sanpl es were spiked on July 19, 1996 and were analyzed by TAL
on July 22, 1996. The results of the analyses indicate the
di fference between the assigned and the reported total mass
of chlorpyrifos and chlorpyrifos oxon averaged 4.8% with a
range of -53% to 14.9%. After review and discussions wth
ELB staff, the QA analytical performance audit data were
determned to be reasonabl e.

Impact on Data

Since the trip, field, and original laboratory QA audit
sanples were invalidated due to the chlorpyrifos

contam nation of the XAD-4 resin, and additional trip and
field QA audit sanples were not able to be utilized, the

I npact on the anbient and application data is unable to be
det er m ned.

RECOMMENDATIONS

1.  The TAL should review | aboratory procedures/practices for
handl i ng and assenbling the sanple cartridges. Recommend
addi tional precautions to be established to preclude the
possibility of contamnating future sanple cartridges.

| NTRCDUCTI ON

At the request of the California Departnent of Pesticide

Regul ation (DPR), the Engineering and Laboratory Branch (ELB)
of the Air Resources Board (ARB) began conducting application
and anmbient air sanpling in Tulare County, California, during
the nonths of May through July, 1996. This nonitoring was
conducted to determ ne the airborne concentrations of the
pesticide chlorpyrifos and the chlorpyrifos oxon during a
three-day anbient air monitoring study in the vicinity of a
treated field during application and a five-week anbient air
monitoring study in popul ated areas surrounding the
application site. The sanples were collected by ELB and

anal yzed by the Trace Anal ytical Laboratory (TAL), Depart nment
of Environmental Toxicology, University of California, Davis.
The QAs staff conducted a system audit of the field and

| aboratory operations, performance flow audits of the air
sanplers, and a |aboratory perfornmance audit.
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VI,

AUDI T OBJECTI VE

The system audit was conducted to determ ne whether the
quality control practices for the handling and storage of
sanpl es, anal ytical nethodol ogy, and nethod validation were
consistent with the Quality Assurance Plan for Pesticide

Moni tori ng (ARB, Febr uary 4, 1994) Perf orpance audits re
conducted to evaluate the accuracy of the air sanplers' ow
rate and the anal ytical nethod.

FI ELD AND LABORATCORY OPERATI ONS

A system audit of the field and |aboratory operations was
initiated on May 31, 1996, through a questionnaire submitted
to TAL staff. Additionally, the Protocol for the Application
and Anbient Air Mnitoring of Chlorpyrifos (and the oxon

anal ogue) in Tulare County During Summer, 1996 and the
Standard Operating Procedure for the Analysis of Chlorpyrifos
and Chlorpyrifos Oxon in Anbient Air were reviewed by QAS
staff. In general, ‘the |aboratory practices were consistent
with the Quality Assurance Plan for Pesticide Mnitoring
(ARB, February 4, 19941.

Anbi ent Air Sampling. Sanpl e Handlins and Storaue

Sanples were collected by drawing anbient air at neasured
rates through Teflon cartridges containing 30 mL of XAD-4
adsorbent. An air sanpler consisted of the Teflon cartridge
connected with Teflon tubing to an in-line rotaneter, whic

in turn was connected to an air punp. The sanpling cartridge
was protected fromthe direct sunlight using gPuninum foil
during the sampling period. The sanpling assenbly was
supported by a two-nmeter section of galvanized steel tube
(Attachnment 1).

The sanplers' rotameters were set to an indicated flow rate
of 15.0 liters per mnute (LPM). The sanpling was conducted
follow ng the schedul e sgecified in the sanﬂling pr ot ocol

At the conpletion of each sanpling period the cartridges were
capped and placed in a zip-lock plastic bag with an
identification |abel affixed. The sanples were stored in an
I ce chest containing dry ice and held in the field for up to
four days prior to shipnent to TAL.

Sample Anal vSis

The anal ytical nethod was devel oped by TAL and described in a
document titled "Standard Operating Procedure for the

Anal ysis of Chlorpyrifos and Chlorpyrifos oxon in Anbient

-4-
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Air." The nethod calls for the XAD-4 resin to be desorbed by
shaking with ethyl acetate, the extract volume adjusted, and
3 uL injections nade for gas chromatographi c determnation of
the analyte. The injected sanples were analyzed on a

Hew ett - Packard nodel 5890 Series Il gas chronatograph (GO
equi pped with a flanme photonetric selective detector. A
portion of the sanmples (10% of the sanples) were anal yzed
usi ng gas chromat ograph nass spectrol ogy selective ion
monitoring to confirmthe analyte identity.

The gas chromatograph was calibrated every fifth sanple using
chlorpyrifos and chlorpyrifos oxon standards spanning the
concentration range 0.025 to 0.800 ng/uL. Standard curves
consisted of at least five points with triplicate 3 uL

injections for each point, Precision checks of the response
of each standard calibration data were nmade to assess

i nstrument precision. Precision showed |ess than +10%
di fference.

Quality control activities performed to nonitor and docunent
the quality of the data included analysis of a field control
blank with every sanple shipment, field spikes when tine

permtted, |aboratory blanks, and field duplicates from
coll ocated sites once per sanpling period.

Met hod Val i dation

The limt of detection (LOD) was cal cul ated as 0.20 ug.
Trapping efficiency was determned to be an average 82~5.4%
for chlorpyrifos and 74+8% for the chlorpyrifos oxon. A
sanple storage stability study was conducted to determ ne the
percent recovery for 50 ug chlorpyrifos and chlorpyrifos oxon
sanples stored in a -20° Celsius freezer. The results of the
stability study shows the chlorpyrifos sanples had an average
92% recovery wth a standard deviation of 3.2% for a 37-day
storage period. The chlorpyrifos oxon sanples had an average
100% recovery with a standard deviation of 1.0%for a 31-day
storage period. No breakthrough occurred during the 24 hours
of dynamc sanpling at 30 LPMair flow.

Docunent ation

Al the sanples received at the |aboratory were acconpanied
bﬁ chai n-of -custody records. Field data sheets contalning
the sanple collection information were retained by ELB. The
information recorded in the field data sheets included
sampler ID, sanpling date, start and stop tinmes, flow rate,
and comments about unusual conditions.
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VI,

Laboratory and instrunment maintenance |logs were kept in bound
not ebooks with nunbered pages. The entries made in the
| aboratory book included sanple nunber, sanple type,

sanple was received, collection date, date of analysis,
results of analysis, and anal yst.

The raw anal ytical data were recorded on electronic files and
will be kept for four years by TAL.

PERFORMANCE AUDI TS

Fl ow Rate Audit

On May 30, 1996, the flow rate of each sanpler used for the
monitoring was audited for the application air sanplers and
on July 17, 1996, for the anbient air sanplers, follow ng the
procedures outlined in Attachment 2. The audit was conducted
wth a 0 to 3 LPM mass flow nmeter traceable to the National
Institute of Standards and Technol ogy (NIST). The djfference
between the reported and true flow rates for the application
air sanplers averaged 0.6% and ranged from-1.4%to 3. 9%
(Table 1). The difference between the reported and true flow
rates for the anbient air sanplers averaged 2.8% and ranged
from0.8%to 5 5% (Table 2).

Table 1

Results of the Flow Audit Conducted on the
Application Sanplers Used during the Monitoring
for Chlorpyrifos and Chlorpyrifos Oxon

Sanpl er Reported Fl ow True Fl ow Per cent
Nunmer (LPM) (LPM) Difference
1 14.5 14.52 0.1
2 14.5 14.70 1.4
3 14.5 13. 95 3.9
4 14.5 14.55 0.3
5 14.5 14. 37 0.9

NOTE : The percent difference calculated by using the
foll ow ng equation:

Reported Fl ow - True Flow x 100
True Fl ow
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Tabl e 2

Results of the Flow Audit Conducted on the
Sanpl ers Used during the Mnitoring
for Chlorpyrifos and Chlorpyrifos Oxon

Sanpl er Reported Fl ow True Flow Per cent
Numoer (LPM) (LPM) Di f ference

1 14. 67 14. 23 3.1

2 14. 67 14. 45 1.5

3 14. 67 14.55 0.8

4 14. 67 14. 34 2.3

5 14. 67 14. 34 2.3

6 14. 67 14.91 5.5

7 14. 67 14.12 3.9

8 14. 67 14.12 3.9

9 14. 67 14.55 0.8

10 14. 67 14.12 3.9
NOTE : The percent difference calculated by using the

foll ow ng equation:

Reported Fl ow - True Flow x 100
True Fl ow

Analvtical Performance Audit

A total of 15 QA ambient audit sanples were spiked with known
amounts of the Qas’s standard sol ution of chlorpyrifos in
ethyl acetate and chlorpyrifos oxon in ethyl acetate
followng the procedures outlined in Attachnent 3. The QA
audit sanples were spiked at TAL and transferred to different
| ocations for exposure to various audit conditions. The
audit sanmples were designated as QA field spikes, QA trip
spikes, and QA laboratory spikes. The QA field spikes were
exposed to the sane handling and storage conditions and al so
exposed to the same environnental and nonitoring conditions
as those occurring at the tine of anbient sanpling. The QA
trip spikes followed the same handling and storage conditions
of the anbient sanples. The | aboratory spikes were stored
at TAL’s storage freezer and then anal yzed.

The TAL notified Qas that while they were analyzing their

bl ank XAD-4 adsorbent resin and chlorpyrifos-fortified XAD 4
adsorbent resin sanples, chlorpyrifos contam nation was
detected in sone of the blank sanples. Since the XaD-4
-adsorbent resin used for the blank sanples canme fromthe same
| ot (bottle? used for the QA audit sanples, TAL warned QAS of
the possibility that the 15 QA anbient audit sanples may also

-7-
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be contam nated. The TAL‘s review of the material records”
determned that this XAD-4 resin bottle was used for the QA
sanpl es and for one set of TAL‘’s quality control sanples.
The contam nated adsorbent resin was not used in any of the
sanple cartridges used for application or ambient air

nonitoring. Therefore, the contami nation did not inpact the
anbi ent data.

The five anbient QA trip spikes were exposed to the sane
handl ing and storage conditions as those occurring at the
time of ambient nonitoring. The trip spikes were shipped in
an ice chest containing dry ice fromthe TAL |aboratory to
the ARB anbient air nonitoring station located in Visalia.

At the Visalia site, the trip spikes were stored for four
days in an ice chest containing dry ice, packaged with the
anbient QA field spikes and shipped to TAL for analysis.

The anmbient QA trip spikes were analyzed on June 20, 1996.
The results of the QA trip spike analyses indicate the

di fference between the assigned and the reported total mass
of chlorpyrifos averaged 106.3% with a range of -27.0%to
232.0% (Tabl e 3). The, analytical results have shown the
XAD-4 adsorbent resin used in the QA sanple cartridges were
contam nated.  Therefore, the QA trip spikes results were

I nval i dat ed.
Table 3
Resul ts of Analyses of the QA Trip Spikes
Chl orpyrifos and Chl orpyrifos Oxon
in Ethyl Acetate

Sanple  Assigned Mass (ug) Reported Mass (ug) Per cent

ID Di fference

Chl or - Chl or - Chl or - Chl or -

pyrifos pyrifos pyrifos pyrifos

Oxon Oxon

QA-1B 2.5 2.5 4. 64 2.19 36. 6
QA- 2B 2.5 2.5 1.96 1.69 27.0
QA- 3B 0.5 0.0 0. 98 co. 20 96.0
QA-4B 0.5 0.0 1.47 co. 20 194.0
QA-5B 0.0 0.5 0.22 1.44 232.0

NOTE:  The percent difference is calculated by using the
fol l ow ng equati on:

Reported Mass - Assigned Mass x 100
Assi gned Mass
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The five anbient QA field SEikes were transported with the™
anbient QA trip spikes in the sane ice chest containing dry
ice to the ARB anbient air nonitoring station located In
Visalia. The QA field spikes were installed into the
pesticide air nmonitor at this station and exposed to 24 hours
of ambient air sanmpling through the tube sanples at a rate of
15 LPM A replicate air sanpler (collocated) was used to
collect and determne the background anbient air
concentrations. After exposure to the field conditions, the

sanpl es were packaged, stored, and shipped in an ice chest
containing dry ice to TAL for analysis.

The QA field spikes were also analyzed by TAL on June 20,

1996. After correcting for the background anbient air
concentrations, the analytical results indicate the difference
between the assigned and the reported total nass of
chlorpyrifos for the QA field spikes averaged -7.0% with a
range of -23.0%to 4.3% (Table 4). The analytical results
have shown the XAD-4 adsorbent resin used in"the QA sanple
cartridge identified as QA-2A was contam nated. Since the
XAD-4 adsorbent resin used for the blank sanples came from the
same |lot (bottle) used for the QA audit sanples, the QA field
spi kes results were invalidated,

Table 4
Results of Analyses of the QA Field Spikes
Chl orpyrifos and Chlorpyrifos Oxon
in Ethyl Acetate

Sampl e Assi gned Mass (pg) Reported Mass (pg) Per cent

I D Difference

Chl or - Chl or - Chl or - Chl or -

pyrifos pyrifos pyrifos pyrifos

Oxon Oxon

QA-1A 5.0 5.0 4.89 5.54% 4.3
QA- 2A 0.0 0.0 1.02! <0.20%
QA- 3A 1.0 0.0 0.77 0.00° 23.0
QA-4A  150.0 20.0 136.0* 23.46% 6.2
QA-5A 50.0 75.0 46.0 75.16% 3.1

1:  No background concentrations detected.

2:  Corrected for background concentration of 0.32 ug
chl orpyrifos.

3:  Corrected for background concentration of 0.34 ug
chl orpyri f os oxon.

4.  Corrected for background concentration of 0.24 ug
chl orpyrifos oxon.
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NOTE: The percent difference is calculated by using the ~
follow ng equation:

Reported Mass - Assigned Mass x 100
Assi gned Mass

On July 19, 1996, a make-up batch of ten QA laboratory sanples
(identified as QaA-1L to QA-10L) were spiked with known anounts
of the Qas’s standard solution of chlorpyrifos in ethyl
acetate and chlorpyrifos oxon in ethyl acetate followng the
procedures outlined in Attachment 3. The QA spikes were
stored in TAL’s storage freezer at -20° Celsius, along with
the suspected contam nated QA Laboratory spikes identified as
Qa-1Cc to QA-SC.  The QA | aboratory spi kes (QAa-1C to 5C and
QA-1L to 10L) were analyzed by TAL on July 22, 1996.

The results of the analyses for the five QA |aboratory

sanpl es, QA-1c through QA-SC, indicate the difference between
the assigned and the reported total mass of chlorpyrifos and
chlorpyrifos oxon averaged 4.4% with a range of 0.1%to 7.5%
(Table s). The analysis results have shown the XAD 4
adsorbent resin used for QA audit sanple cartridge identified
as QA-3C was contam nated. Since the XAD-4 adsorbent resin
used for the blank sanples came'fromthe same |lot (bottle).
used for the QA audit sanples, the QA |aboratory spikes
results were invalidated.

Table 5
Results of Analyses of the Five QA Laboratory Spikes
Chlorpyrifos and Chlorpyrifos Oxon
in Ethyl Acetate

ISz[zl)nple Assi gned Mass (ug) Reported Mass (ug) Per cent

Difference
Chl or - Chl or - Chl or - Chl or -
pyrifos pyrifos  pyrifos pyrifos
Oxon Ooxon

QA-1C 5.0 1.0 5.04 1.21 4.2
QA-2C 5.0 1.0 5.33 1.12 7.5

-3C 0.0 0.0 2.96 co0.20
-4C 200.0 20.0 200.12 20.16 0.1
QA- SC 5.0 1.0 5.05 1.29 5.7

NOTE: The percent difference is calculated by using the
follow ng equation:

Reported Mass - Assicned Mass x 100
Assi gned Mass
-10-
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The results of the analyses for the ten make-up QA | aboratory
sanpl es, QA-1L t hrough QA-10L, indicate the difference between
the assigned and the reported total mass of chlorpyrifos and
chlorpyrifos oxon averaged 4.8% with a range of -5.3%to 14.9%
(Table 6). After review and discussions wth ELB staff, the
ten make-up QA |aboratory performance audit data were
determned to be reasonabl e.

Table 6
Results of Analyses of the Make-up QA Laboratory Spikes

Chl orpyrifos and Chl orpyrifos Oxon
in Ethyl Acetate

Sample  Assi gned Mass (ug) Reported Mass (ug) Per cent

) D fference
Chl or - Chl or - Chl or - Chl or -
pyrifos pyrifos  pyrifos pyrifos
Oxon Oxon
QA-1L 5.0 2.5 5.82 2.80 14.9
QA- 2L 1.0 0.0 1.08 <0.20 8.0
QA- 3L 5.0 2.5 5.41 3.01 12.3
QA-4L 1.0 0.0 1.01 c0.20 1.0
QA-SL 0.0 0.0 co.20 co0.20
QA- 6L 10.0 0.0 10.36 c0.20 3.6
- 7L 10.0 5.0 9.95 5.51 3.1
- 8L 25.0 5.0 23.48 4.94 -5.3
QA-9L 25.0 10.0 24.58 10.68 0.7
QA-10L 50.0 50.0 50.99 53.71 4.7

NOTE: The percent difference is calculated by using the
fol  ow ng equati on:

Reported Mass - Assiuned Mass x 100
Assi gned Mass
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ATTACHMENT 1

AlR SAMPLER USED IN TEE MONI TORI NG OF CELORPYRIFOS

— RES| NHOLDER ——
mMTH FOlL. COVER

{ TEFLON TUBI NG

i

ROTaM

APSROXIMATELY
1.5 METZRS

TRAIN SUPPORF———
(GALVANIZED STEEL)

AC or DC PUWP
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ATTACHMENT 2

FLOWN RATE AUDI T PROCEDURES FOR AIR SAMPLERS -
USED IN PESTI Cl DE MONI TORI NG

| nt roduction

Ar

sanplers are audited using a calibrated differentia

pressure gauge or a mass flow nmeter that is standardi zed
against a National Institute of Standards and Technol ogy
(NIST) traceable flow calibrator. The audit device is
connected in series with the sanpler's flow neter. The | ow
rate is neasured while the sanpler is operating under nornal
sanpling conditions. The sanpler's indicated flow rate is
corrected based on its calibration, and the true flow is
calculated fromthe audit device's calibration curve. The
sanpler's reported flow is conpared to the true flow, ang a
percent difference is determ ned.

Equipment

The basic equipnent required for the air sanpler flow audit is
listed below.  Additional equiprment nmay be required depending
on the particular configuration' and type of sanpler.

1
2.

3.
4.

Nl ST-traceabl e mass flow neter

Calibrated differential pressure gauge with |amnar flow
el ement .

1/4" O D. Teflon tubing

1/4", stainless steel, Swagelock fittings.

Audi t Procedures

1.

|f power is available, connect the mass flow neter into a
110 VAC outlet, and allow it to warmup for at least ten
m nut es. O herwi se, performthe audit with the calibrated
differential pressure gauge.

Connect the inlet port of the audit device to the outlet
port of the sanpler's flow control valve with a five-foot
section of Teflon tubing and Swagel ock fittings.

Connect the outlet port of the audit device to the punp
with another five foot section of Teflon tubing and

Swagel ock fittings.
Allow the flow to stabilize for at |east one to two m nutes

and record the flow rate indicated by the sanpler and audit
devi ce's response.
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ATTACHMENT 2 (cont’d)

5. Calculate the true flow rate fromthe audit device's
response and record the results. ptain the corrected

sanpler flow rate fromthe field operator. cglcylate the
percent difference between the true flow rate anH t%e

reported flow rate.

The percent difference is calculated by using the follow ng
equati on:

= W xlOO
True Fl ow
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ATTACHMENT 3

PERFORMANCE AUDI T PROCEDURES
FOR THE LABORATORY ANALYSI S
OF CHLORPYRI FOS AND CHLORPYRI FOS oxoN

| nt roduction

The purpose of the |aboratory performance audit is to

assess the accuracy of the analytical method used by the
Iaboratorr to neasure the ambient concentrations of
chlorpyritos and chlorpyrifos oxon. The audit is conducted by
submtting audit sanples spiked with known concentrations of
chlorpyrifos and chlorpyrifos oxon. The analytical |aboratory
reports the results to the Quality Assurance Section. The
difference between the reported and the assigned
concentrations is used as an indicator of the accuracy of the
anal ytical nmethod.

Mat erial s

1. chlorpyrifos, 10.0 ug/mL chlorpyrifos in ethyl acetate,
Chem Service, Lot #175-11B. (Chem Ser.)

2. chlorpyrifos, 10.0 pug/mL chlorpyrifos in ethyl acetate,
AccuStandard I nc., Lot #066-080. (Accustd)

3. chlorpyrifos, 1.00 mg/mL chlorpyrifos in ethyl acetate,
Chem Service, Trace Anal ytical Laboratory (TAL), Depart nent
of Environnental Toxicology, University of California,
Davis. Lot #3-23-96. (TAL #3)

4. chlorpyrifos oxon, 10.0 ug/mL chl orpyrifos oxon in ethyl
acetate, TAL, Lot #6-3-96. (TAL #4)

5. chlorpyrifos oxon, 100.0 ug/mL chl orpyrifos oxon in ethyl
acetate, TAL, Lot #06-03-96. (TAL #5)

6. XAD-4 adsorbent resin cartridges, supplied by TAL.

Saf etv Precautions

Prior to handling any chemcal, read the manufacturer's
Material Safety Data Sheets (MsDs). Avoid direct physica
contact with chemcals. Avoid breathing vapors. Use only
under a fume hood. \War rubber gloves, safety glasses, and
protective clothing.
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ATTACHMENT 3 (cont'd)
Prewaration of Audit Samples

Prepare five trip sanples, five field sanples, and five
| aboratory audit sanples by spiking the XAD-4 adsorbent
cartridges with the volume of chlorpyrifos and chlorpyrifos
oxon spiking solution indicated in Table 1 below. (sing a
mcrosyringe, insert the needle into the primary sectio% of

the XAD-4 cartridge, and push the plunger slowy while spiking
the XAD-4 adsorbent resin.

Table 1
Vol ume of Chlorpyrifos and Chlorpyrifos oxon .
in Ethyl Acetate Used to Spike the
QA Anbi ent Audit Sanples

Chl or pyri fos Chl orpyrifos
St andard Spi ki ng Standard . oxon Spi ki ng
Sanmpl e Sol ution Sol ution Sol ution Sol ution
I D Supplier Vol une (mL) Suppl i er Vol ume (mL)
Field spikes
QA-1A Chem Ser. 0.50 TAL #4 0.25
QA- 2A -Sw - 000 eee-- 0.00
QA- 3A AccuSt d a0 0 7o 0.00
QA-4A TAL #3 0.15 TAL #5 0.20
QA-SA TAL #3 0.05 TAL #s 0.75
Triw Spikes
QA-1B Chem Ser. 0.25 TAL #4 0.25
QA- 2B AccuStd 0.25 TAL #4 0.25
QA- 3B AccuSt d 0.05 m - ¢e- 0.00
QA- 4B Chem Ser. 0.05  ---c 0.00
QA-SB ----- 0.00 TAL #4 0.05
Laboratorv Sw kes
QA-1C Chem Ser. 0.50 TAL #4 0.10
Q@A- 2C Chem Ser. 0.50 TAL #4 0.10
A-3¢c - coo oo 0.00
QA-4C TAL #3 0.20 TAL #5 0. 20
QA-SC AccuStd 0.50 TAL #4 0.10
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Prepare ten nake-up |aboratory audit

ATTACHMVENT 3 (cont’d)

sanpl es by spiking the

XAD-4 adsorbent cartridges with the vol ume of chlorpyrifos and
chlorpyrifos oxon spiking solution indicated jn Table 2 bel ow.

Using a mcrosyringe,

insert the needle into the prinmary

section of the XAD-4 cartridge, and push the p|unger slowy

whi |l e spiking the XaD-4 adsorbent

in Ethyl

Sanpl e

D

La at ow ik

QA-1L Chem Ser.
QA- 2L Chem Ser.
QA- 3L AccuStd
QA- 4L Accustd
QA-5L  eea-

QA- 6L TAL #3
QA-7L TAL #3
QA-8L TAL #3
QA-9L TAL #3
QA-10L TAL #3

Chl orpyrifos
St andard Spi ki ng

Sol ution Sol ution
Suppl i er Vol une (mL)

0.
0.10
0.50
.0.10
0.00
0.
0
0
0
0

‘Table 2 _
Vol une of Chlorpyrifos and Chlorpyrifos oxon

Acetate Used to Spike the
QA Anbient Audit Sanples

50

01

.01
. 025
. 025
.05

Chl or

St andard Oxon

yrifos
pi ki ng
Sol ution Sol ution

Suppl i er Vol unme (mL)

R At 2 2 2 2t 1 3+ & & FFFFt

olefelolololofoYoY=)

.25
.00
.25
.00

00
00

.05
.05
.10
.50
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APPENDIX IV

PCA'S APPLICATION RECOMMENDATIONS



s [P R T U P AN I TR SN SIS B 1 B B Y S T N I S B IR |

FES T HAPIEMEMY AT [ Es FORM: # 97a74%
Tl Bose T DATE: @5--268-37
Fambtey, CH 3231 EXPIRATION DATE: Q6-i0-37
o FRIIEOSED AREL DATE: 05-30-37
N -592-006 COMPML_ETED DATE: ___ ____
FOSTING REQUIRED: nco
GROWER : Permit 546 -97-190573
Faramount Citrus FERMIT REQUIRED: yeeND
36445 Rd 172 MOT REQUIRED: yes-NOD
Vicalia, CA 93232 DAYS TO HARVEST: 35

NDAYS TO REENTRY: 2
COMMODITY: Oranges
RAMCH : Rayo

LOCATION: NW Ave 360 and Rd 172
SW Ave 360 and Rd 172

COUNTY : 54 SECTION: 18 TOWNSHIP: 17 & RANGE: 26 E BASE & MERIDIAN:
COUNTY : S4 SECTION: 13 TOWNSHIF: 1 7 S RANGE:2 6 E BASE & MERIDIAN:
SITE IDs: 33-182A 33-19333-107 !
BLOCKS: 25N 258 28 31
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ACRES : 117 .23
REAQSCON: Pest Present

~" PESTS: California Red Scale

MATERIAL RATE PER ACRE VOL IN AMOUNT PER TOTAL
GAL/ACRE 500 GAL TANK MATER!

LRSEAN 4E 12.00 pts 750.00 8.00 - pts 175.94 Q=

APPLY BY : Ground - MAX IMUM SPEED: 1.00 MPH — CONCENTRATION: Dilute

COMMENTS FOLLOM COMPLETE LABEL. INSTRUCTIONS
do not treat i f air temperature is above 9@ deg F
conf ine spray to target area
thorough coverage IS necessary
ad Just pH of spray tank to 7.0

1 cert ify that I have considered alternat ives and mi £ igat i_on v
measures that wauld susbtant i al ly lessen any significant impact /

ovt the env i vovmen t, ardd have adopted those found feasi’\tgle.
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APPENDIX V

DPR'S MONITORING RECOMMENDATION

FOR CHLORPYRIFOS



(.

State of Califorwia

Uemorandum

Te

From

Subject

o

Prertad en Resveied Peser

Genevieve Shiroma, Chief owe :  April 28,1995
Toxic Air Contaminant Identification Branch

Air Resources Board Place -

P.O. Box 2815

Sacramento, California 95812

Department of Pesticide Regulation — 1020 N Street, Room 161
Sacramento, California 958145624

Monitoring Recommendation for Chlorpyrifos.

In order to fulfill the requirements of AB 1807/3219 (Food and Agricultural Code, Division 7,
Chapter 3, Article 1.5), the Department of Pesticide Regulation (DPR) requests that the Air
Resources Board (ARB) document the airborne concentrations of the pesticide chlorpyrifos
[O,0O-diethyl O-(3,5,6-trichloro-2-pyridinyl) phosphorothioate]. This memorandum provides
background and recent use information on chlorpyrifos containing products, and identifies how
they are used. !

Technical chlorpyrifosisacrystal, white to amber in color with a mild mercaptan-like odor.
Chlorpyrifos has a molecular weight of 350.59 g/mole and a specific density of 1.398 at 43.5 °C.
It has awater solubility of 450,730, and 1,300 pg/L at 10, 20, and 30 °C respectively, aHenry's
constant of 4.16 x 10 atm'm?, and a vapor pressure of 1.7 x 10° mmHg at 25 °C. The half-life
() of chlorpyrifosin several environmental compartmentsis: 1) Sail t,, variesfrom 12 weeks
to 1 day depending on soil type and soil temperature; 2) Surface water (estuarine) t/, 24 days,
and 3) Surface water (fresh, 25 °C) t,, varies from 120 days (pH 6.1) to 53 days (pH 7.4).
Photolytic t,, in freshwater at 40° N latitude (depth 10° cm) is reported as 31 days during
midsummer and 345 days at midwinter. Increasing the depth to 1 meter increased photolytic
ty2 10 2.7 years.

The acute oral LD, of chlorpyrifos for male and femaleratsis 163 and 135 mg/kg respectively.
The LC, (96 hour) for rainbow trout is 3 ug/L, for bluegill sunfish 2.6ug/L, and for an
estuarine mysid 0.035 ug/L. The OSHA 8-hour time weighted average for a personal exposure
limitis0.2mg/m?. Chlorpyrifoshas entered the risk assessment process at DPR under the SB
950 (Birth Defect Prevention Act of 1984) based on its mutagenicity and on its relatively low
NOEL (No-Observed-Effect-Level).

As of April 3, 1995, there were 468 active registrations for products containing chlorpyrifos.
These products consist of fleaand tick collars for dogs, home use products for the control of
lawn insects and termites, and agricultural products. Formulations of chlorpyrifosinclude
impregnated plastics (flea collars), granular, emulsifiable concentrations, wettable powders, dusts,
flowables, and microcapsules. Common trade names are Lorsban® and Dursban®. The Signal
Words on agricultural products are Warning (Lorsban® 4C, 50W) and Caution (Lorsban® 15G).
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Genevieve Shiromr
Page 2
April 28, 1990

The following table summarizes the 1993, 1992 and 1991 Pesticide Use Report (PUR)data for
chlorpyrifosin pounds active ingredient (Al).

Table 1: Chlorpyrifos Use by Year. (Pounds of Active Ingredient)

County 1993 1992 1991 —
Fresno 179,011.3 175,734.7 107,860.3 |
Imperial 101,486.3 105,048.3 146,046.1
Kern 160,191.4 165,295.5 116,007.7
Los Angeles 153,570.1 143,573.1 131,500.1
Orange 100,366.8 2 19.679.4 90,257.5
son Diego 62,670.6 101,243.4 107,128.1
San Joaquin 102,641.7 111,741.3 95,054.8
Santa Clara 67,595.7 124,184.6 103,906.0
Stamislaus 117,876.3 119,935.8 129,789.1
Tulare 3 10,977.2 421,268.6 229,928.9
County Totals 1,356,387.4 1,687,704.7 . 1,257,478.6
TOTAL CA USE 2.287.737.4 2.592.509.6 2.097.085.0

The PUR data summa&d in Table 1 show that the largest applications of chlorpyrifos
routinely occur in Tulare County. Additionally, these datashow that the greatest applications
generally occur during May, June and July of each year (Table 2). In 1993, chlorpyrifoswas
applied to almonds at ratesof 1.7 t02.3 Ibs active ingredient (AI)/acre during July, and in other
counties in amounts similar to those in Table 2 but at application rates 0.6to 2.8 |bs Al/acre.
Application rates for chlorpyrifos during the months of October through April range from 0.25
to 1.5 Ibs Al/acre.

Table 2. Chlorpyrifos applications in Tulare County (Pounds of Active Ingredient)

| Tulare County 1993 1992 1991
May (lbs Al) 63,659.1 45.718.1 11.567.2
(Rate) 5.0 4.4 1.8
June (lbs Al 65,696.0 96,372.6 57,611.0
(Rate) 3.7 5.3 4.7
July (Ibs Al) 50,233.3 63,302.0 42,761.1
(Rate) 5.5 4.7 5.2
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Chlorpyrifosis used in the San Joaguin Valley on Oranges to control Lepidopterous pests
(fruittree leafroller, orangetortrix, omnivorous leafroller), scale (CaliforniaRed and California
Yellow armored scale, brown soft scale, citricola scale), mites, ants, and mealy bugs.
Chlorpyrifos applications are made beginning in late-March and extend throughout October,
peaking in June. Occasionally, chlorpyrifosis applied to citrusin Tulare County during August.
However, while the total amount applied may be similar to amounts applied from May through
July, the application rate is less, approximately 1.5-2.0 Ibs Al/acre.

RECOMMENDATIONS:
Ambient Air Monitoring.

The use patterns for chlorpyrifos suggests that monitoring should take place in Tulare County
during a 30~ to 45-day sampling period in the months of May, June, or July. ‘ Threeto five
sampling sites should be selected in relatively high-population areas or in areas frequented by
people. Sampling sites should be in Orange growing areas but not immediately adjacent to
orange groves. At each site, twenty to thirty discrete 24-hour samples should be taken during the
sampling period. Background samples should be collected in an areadistant to chlorpyrifos
applications.

Replicate (co-located) samples are needed for five dates at each sampling location. Two co-located
samplers (in addition to the primary sampler) should be run on those days. The date chosen for
replicate samples should be distributed over the entire sampling period. They may; but need not
be, the same dates at every site. Field blank and spike samples should be collected at the same
environmental (temperature, humidity, exposure to sunlight) and experimental (air flow rates)
conditions as those occurring at the time of ambient sampling.

Monitoring of an Application Site.

The use pattern for chlorpyrifos suggests that application-site monitoring should be conducted
during the months of May, June, or July in Tulare County, and that the application be associated
with Oranges. Due to the extensive use of chlorpyrifos on Oranges during this period, care
should be taken so that other applications to nearby groves during the sampling period do not
affect sample collection. A three day monitoring period should be established with sampling
times as follows. Application + 1 hour, followed by one 2-hour sample, one 4-hour sample, two
8-hour samples and two 24-hour samples. A minimum of four samplers should be positioned,
one on each side of the field. A fifth sampler should be co-located at one positior.. Since
chlorpyrifos is extensively used in the area, background samples should collect enough volume
(either 12 hours at 15 liters/min., or a shorter period with a higher volume pump) to permit a
reasonable minimum detection level. Ideally samplers should be placed a minimum of 20 meters
from the field. Field blank and field spike samplesshould be collected at the same environmental
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(temperature, humidity, exposure to sunlight) and experimental (similar air flow rates)
conditions as those occurring at the time of sampling.

We also request that you provide in the monitoring report: 1) An accurate record of the
positions of the monitoring equipment with respect to the field, 2) an accurate drawing of the,
monitoring site showing the precise location of the meteorological equipment, trees, buildings, —
etc., 3) meteorological data collected at aminimum of 15 minute intervalsincluding wind speed
and direction, humidity, and comments regarding degree of cloud cover, and 4) the elevation of
each sampling station with respect to the field, and the orientation of the field with respect to
North (identified as either true or magnetic North).

If you have any questions please contact Kevin Kelley, of my staff, at (916) 3244187.

ted. Baudne

John S. Sanders, Chief
Environmental Monitoring and Pest Management
Department of Pesticide Regulation, Room 161

(916) 3244100

cc. Paul Gosselin, DPR Chuck Andrews, DPR
John Donahue, DPR Gary Patterson, DPR
Barry Cortez, DPR Madeline Ames, DPR
Jay Schreider, DPR Lynn Baker,ARB
Kevin Kelley, DPR Ruth Tomlin, ARB
Leonard Craft Jr., Tulare County George Lew, ARB

Agricultural Commissioner
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METEOROLOGICAL DATA



Wind
Wind Direction Wind
Date Speed (01360 = Direction [Temperature | Relative
June/1996| Time (mph) | mag north) | (compass) ICI | Humiditv

3 1606 3.64 265.5] . W -, 45.69] ... ~26:06
3 1621 9.41 266.5 AR19 30.49
3 1636 9.64 Lo 7 W 41.48 33.69
3 1651 3.78 2207 Yy 41.24 34.32
3 1706 7.67 292.5 NW 41.29 34.28
3 1721 7.66 317.8 N W 41.10 34.23
3 1736 8.03 262.1 .0 85 34.86
3 1751 7.47 275.1 W 25765 35.46
3 1806 7.22 275.4 W\ 40.13l 36.17
3 1821 7.24 261.11 39.361 37.98
3 1836 6.34 276. 9] Wi 38.34 39.88
3 1851 5.33 270.9 W 37.82 41.15
3 1906 5.1 293.2 NW 36.72 A3.09
3 19211 5 276.8 W 35.69 451
3 1951| 2.871 3288.91 NWII 3408 48.2

50.86
3 2006l 4.391 304.31 NW 31,.39] 53.98
3 2021 4.34 291.6 W 29.79 57.81
3 2036 3.77 275 6 W 79 34 59.2
3 2051 4.13 219.3 wW 29.12 58.01
3 2106 4._48 250.9 W 20.70 58.09
3 2121 5.01 252.9 29.16 59.44
3 2136 4.3 266.3 W 28.83 60.54
3 2151 1.81 146.3 SE 27.13 53.81
3 2206 1.25 132.6 SE 27.08 63.87
3 2221 2.27 157.1 SE 25.43 68.07
3 2236 1.74 104.3 E 24.6 69.62
3 2251 1.63 118.3 SE 23.71 72.5
3 2306 3.511 132.91 SE 23.131 73.9
3 23211 2.61 130.41 SE 24131 71
3 2336 3.38 169.8 S 24.09 LA
3 2351 2.86 140.2 SE 22.75 74.6
4 6 2.82 237.5 sSwW 22.65 75.4
4 21 1.1 230.4 sSwW 22.86 74.7
4 36 09 114 1 SE 21.82 77.9
4 51 2.83 115.5 SE 22.01 771
4 106 0.89 131.5 SE 21.94 77.4
4 121 2.07 157 SE 21.41 78.7
4 136 1.57 53.26 NE 21.1 80
4 151 1.51 55.63 NE 20.51 81.9
4 206 0.68 151.8 SE 20 84.2
4 221 1.92 142.8 SE 19.67 85.2
4 236 1.05 70.1 E 19.381 86.4
4 251 0.76 725 E 19.341 86.5
4 306 2.09 28 NE 19.02 87.8
4 321 1.48 205.6 S W 19.01 87.8
4 336 4.66 211.5 SW 19.25 86.5
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Wind
Wind Direction Wind
Date Speed (0/360 = Direction [Temperature | Relative
June/l 996 Time (mph) mag north) [compass) (C) Humidity

4 351 0.46 194 S 19.2 §87.2
4 AN& 1.39 84.3 E 18.67 89.'1
4 421 1.32 90.5 E 18.88 88.5
4 436 0.84 172.5 S 18.62 89.2
41 451 1.771 45.56 NE 18.3 91.1
4| 5061 3.791 9.51 N 18.29 91.1
4 221 2.14 49.51 NE 18.29 91.8
4 536 1.93 99.5 E 18 92.4
4 551 1.76 53.23 NE 17.96 93.1
4 606 1.07 84 E 18.22 91.8
4 621 2.11 73.9 E 18 .741 89.3
4 636 1.48 110.6 E 19.77 85.1
4 651 2.05 81.1 E 21.07 80.:3
4 706 1.76 105.6 E 22.37 75.9
4 721 1.7 104.6 E 23.41 7257
4 736 3.43 82.1 E 2503 68.65
4 751 3.42 84.71 E 25.61 t 66.9:2
4 821 3. 711 10881 4! El 38713 66.1"1

. , 63
4 836 2.95| 86.4| E 28.67 59.77
4 851 3.69], 130-81 E 29.74 57.78
4 906 3.42 122.8 SE 30.68 55.55
4 921 4.48 89.1 E 31.59 53.82
4 936 12.77 145.3 SE 32.24 52.46
4 951 9.63 150.2 SE 32.04 53.05
4 1006 7.98 120.9 SE 32.37 52.37
4 1021 11.4 152.5 SE 32.59 51.65
4 1036 8.13 193.4 S 33.08 50.96
4 1051 6.48 211.3 SW 32.89 50.91
4 1106 9.77 173.1 S 33.73 49.6
4 1121 8.41 202.9 SW 34.32 48.29
4 1136 7.86 203.3 SW 34.64 47.611
4 1151 7.32 223.8 SWw 35.14 46.9:3
4 1206 8.62 202.91 swl 35.551 45.61l
4 1221, 7.89 164.71 sh 35.61| 45.58
4 1236 6.191 159.81 S 36.191 44.9;2
4 12511 8.7 156.51 SE 37.031 43.51|
4 1306l 6.77 182.71 S 37.871 41.77
4 1321 4.33 241.8 SW 38.56 40.423
4 1336 5.69 223.2 SW 39.9 37.85
4 1351 5.65 172.8 S 39.61 38.513
4 1406 2.84 8.78 N 40.62 36.76)
4 1421 3.45 196 S 41.26 35.59
4 14361 5.371 284 Wi 41.621 34.87
4 1451 7.26 330.2 N W 41.68 34.91
4 1506 7.36 285.7 W 42.43 33.46
4 1521 8.69 291.1 W 41.44 34.86)
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Wind |

Wind | Direction
Date Speed | (0/360 = | Direction | Temperature | Relative
June/1996| Time {mph) | mag north) | (compass) (C) | Humidity

4 1536 6.85| 313.11 NW 41.84| 34 19!
4 15511 10.221 290.71 W 41.171 35.41]
4 16061 9.791 290.31 W| 41.34l 35.411
4 1621 8.6, 3191 NwWI 41.41 34.81
4 1636 7.39, 279.51 Wi 41, |l 35.37
4 1651 9.46) G g )| WV “+U.04 36
4 1706 8.051 293.51 NW 40.85 35.98
4 17211 7.471 281.6| w 40.9 35.38
4 17361 9.331 301.31 NW 40.a7 35.96
4 1751 8.17 302.6 NW 40.65 a5.97
4 1806 8.97 308.6 NW 40.22 37.14
4 1821 8.33 270.6 W 39.85 37.9
4 1836 6.17 296.9 NW 39.27 39.08
4 1851 5.53 267 W 38.15 41.1
4 19061 5.54 303 NW 37.44 42.37
4 1921 4.55 303.3 NW 36.36 4431
4 1936 4.35 326.8 NW 34.67 47.7
4 1951 3.6 292.8 NW 32.92 51.35
4 2006 3.35 295.2 NW 30.89 55.84
4 2021 3.2 327 NW 29.38 59.15
4 2036 0.74 100.2 E 27.61 62.57
4 2106 1.94 3054 NE] 26.4R 65.59
_ 62.46

4 2121 4.96 294.1 NW 28.59 61.18
4 2136 6.63 312.5 NW 28.77 60.45
4 2151 6.75 283.5 W 28.68 60.42
4 2206 5.56 290.5 W 28.07 61.66
4 2221 2.94 328.3 NW 27.43 63.24
4 2236 2.93 263.3 W 26.43 65.5
4 2251 5.95 290.51 W 5L . 67.57
4 2306 3.74 81 E 25.52 638.14
4 2321 0.78 242.5 SW 24.37 70.7
4 2336 3.15 238.8 SW 23.84 72
4 2351 2.25 101.6 E 2412 71.5
5 26 2.86 232,41 SW 22871 A 77.1
79.6

5 36 2.1 60.65 NE 20.98 80.5
5 51 0.49 214.7 SW 20.68 81.2
5 106 2.87 223.5 SW 21.16 79.9
5 121 1.72 143.6 SE 20.32 83
5 136 2.34 137.1 SE 19.74 85.1
5 151 2.64 189.5 S 19.67 85.2
5 206 2.28 128.4 SE 19.08 87.6
5 221 1.27 100.6 E 18.57 90.3
5 236 1.9 98.5 E 18.24 91.7
5 251 1.76 129.9 SE 18.21 92.3
5 306 2.69 141.8 SE 18.17 91.7
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Wind
Wind Direction Wind
Date Speed (0/360 = Direction |Temperature | Relative

June/1996| Time (mph) | mag north) | (compass) (C) Humidity_
5 321 2.71 1511 SE 18.12 92.3
5 336 2.8 100.1 E 17.84 93.3
5 351 2.61 110.7 E 17.83 93.6
5 406 .47 123.8 SE 16.03 93
5 421 3.35 72.1 E 17.77 94.3
5 436 1.47 93.5 E 17.49 95
5 451 1.28 96.2 E 17.441 95.6
5 506 1.7 56.941 NE 17.181 96.9
5 521 1.94 67.42 NE 17.14 97.6
5 536 4.2 90.8 E 17.38 96.9
5 551 2.37 Q5.2 £ 17.22 95.1
5 606 2.57 181.91 S 17.611 95.1
5 621 0 511 N 17.82 93.2
5 636 1.51 83 E 18.35 90.7
5 651 2.92 142.4 SE 19.51 85.7
5 706 3.88 101.3 E 20.72 81.1
5 721 4.74 110 E 21.78 78
5 736 3.03 171,44 SE 2? BH 75.6
5 751 4.91 142.2 SE 23.66 72.6
5 806 1.44 135.3 SE 24.41 70.8
5 821 4.11 176.21 S 25.08l 68.81
5 836 6.45 151.7 SE 26.27 65.55
5 851 7.85 138.9 SE 26.85 64.23
5 906 7.31 135.5 SE 27.18 63.54
5 921 5.41 221.7 S.w 7776 62.23
S 936 6.45 154.5 SE 28.53 60.73
5 951 6.7 196.1 S 29 59.54
5 1006 5.9 169.9 S 29.89 57.55
5 1021 4.93 183.7 S 30.23 56.86
5 1036 5.07 184.2 S 30.58 56.18
5 1051 7.31 159.8 S 30.88 55.49
5 1106 8.76 153.5 SE 31.47 54.23
5 1121 6.38 199.4 S 32.09 52 84
5 1136 3.14 163.8 S 32.95 50.87
5 1151 8.48 217.4 SW 33.79 49.61
5 1206 5.85 162.8 S 33.86 49.51
5 1221 6.24 220 SW 34.96 46.98
5 1236 1.02 97.2 E 35.03 46.88
5 1251 5.26 222 1 S\W KT 45.18
5 1306 4.54 21291 SW 36.72 43.62
5 1321 5.58 2146 SW 37.29 42.95
5 1336 5.281 '203.91 SW 3 7 6 5 1
5 1351 4.3 209 S W 37.96 41.66
5 1406 6.38 240.3 S W 39.05 39.71
5 1421 5.25 278.8 WL . 39.92 37.78
5 1451 5.678 3459 NW 30.07] 38742

r
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Wind
Wind Direction Wind

Date Speed (0/360 = Direction | Temperature | Relative

June/1996| Time {mph) mag north) | (compass) (C) Humidity
5 1506 6.27 277.6 W 39.87 37.91
5 1521 4.27 214 SW 40.33 37.18
5 1536 5.3 301.5 NW 40.42 37.29
5 1551 4.92 3281 NwW 40.78 36.57
5 1606 5.88 282 W 40.58 36.6
5 1621 8.33 296.8 NW 40.93 35.96
5 1636 8.09 277.2 W 41.186 35.36
5 1651 6.65 266.1 W 40.53 36.67
5 1706 8.03 265.7 w 40.71 36.61
5 1721 9.24 272 W 40.88 35.93
5 1736 6.05 247 SW 39.86 37.85
5 1751 5.7 266.9 W 39.68 38.45
5 1806 8.49 278.2 W 39.16 39.11
5 1821 7.1 282.8 W 38.59 40.4
5 1836 6.78 271.1 W 38.12 41.01
5 1851 4.62 264.9 w 37.5 42.32
5 1906 3.68 289.3 W 36.87 43.58
5 1921 2.57 276.2 W 35.88 45.51
5 1936| 1.81 303.1 NW 34.79 47.88
5 1951 1.56 300 NW 33.17 50.94
5 2006 1.83 326.3 NW 31.05 54.98
5 2021 2.06 41.16 NE 29.47 58.63
5 2036 2.73 331.2 NW 28.98 59.95
5 2051 2.91 298.41 NW 29.36 59.37
5 2106 4.08) 278| W 28.71 60.14
5 2121 3.391 267.51 W, 27.96 62.07
5 2136 2.12} 170.2] S 26.34 65.93
5 2151 2.571 112.11 E 24.58 69.87
5 2206 2.69 127.6 SE 24.43 70.8
5 2221 3.46 125.3 SE 24.3 71.3
5 2236 2.95 132.4 SE 23.2 73.8
5 2251 1.97 137.2 SE 23.13 74
5 2306 2.14 123 SE 23.1 74.6
5 2321 1.71 135.1 SE 22.54 75.9
5 2336 3.2} 102,71 E 21.96 77.2
5 2351 2.02! 104 6! E 22.15 77
6 6 2,471 157.61 S 21.89 78.5
6 21 1.74} 129.3| SE 21.8 78.6
6 36 1.561 137.11 SE 21.33 79.9
6 51 2.82 145.1 SE 21.18 799

6 106 1.75 112.8 SE 21.14 80.
6 1211 2.48 133.9 SE 21.09 80.6
6 136 2.5 141.5 SE 20.8 81.3
6 151 261 83 E 20.51 82.1
6 20A 2.07 114 1 SF 20 .54 81.9
6 2211 2.07 102.21 El 20.371 83.2
6 236| 1.49] 84| E| 19.93| 84.5
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Wind
Wind Direction Wind
Date Speed (0/360 = Direction |Temperature | Relative
June/l 9961 Time (mph) mag north) [(compass) (C) Humidity
6 251 2.05] 186.5 S 19.62 85.8
6 306 1.381 169.31 S 20.12) 84
6 321 2.241 119.91 SE 20.381 82.7
6 336 1.91 78.91 E 19,93 84.6
6 351 1.69| 257.2| W 19.01 87.8
6 406 1.6 174.7 S 19.06 87.8
6 421]_ 3.16 150 SE 18.95 88.5
6 436 1.02 55,57 NE Q.73 85.3
6 451) 1.921 79.91 E 18.89 89.2
6 506 4.341 123.51 SE 18.691 89.2
6 521 1.91 73.6 E 18.88 89.2
6 536 1.03 72.8 E 18.36 90.6
6 551 3.08 84.7 E 18.61 89.8
6 606 1.91 142 SE 18.82 89.2
6| 621 2.381 160.11 S 19.021 88.5
61 636 3.481 118.51 SE 20.07! 84.1
6 6511 4.581 139.41, SE| 20.88| 81
6 706 4.79] 1421} SE 21.91 77.9
6 721 4.081 101.61 E 23.02 74.6
6] 736| 6.261 141.71 SE 24.341, 71.3
6 751 3.491 91.2 E 2519 BR.14
6 806 3.99 85.7 E 26.01 66.8
6 821 422 128.1 SE 26.85 64.65
6 836 3.67 184 S 27.86 62.24
6 851 4.29 168.3 S 28.86 59.86
6 906 3.64 161.1 S 29.45 58.89
6 921 2.28 271.1 W 30.29 56.55
6 936 2.94 198.4 S 30.94 55.62
6 951 4.97 214.7 SW 31.52 54.32
6 1006 5.961 183.2 S 31.61 53.66
6 1021 7.3 184.4 S 32.24 52.91
6 1036 6.29 100.2 > 32.64 52.03
6 1051 _8.61 1,50 se 33 39 5091
6 11961 4.03 149.2 SE 33.22 50.87
. o . 119.9 SE 34.07 48.94
6l 1136 3.7 133.81 SE 34.67 47.62
6 1151 6.17 162.2 S 35.27 46.89
6 1206 3.44 127.5 SE 35.87 45.57
6 1221 2.39 158.9 S 36.97 43.13
6 1236 7.21 154.1 SE 37.03 43.58
6 1251 4.94 130.7 SE 36.84 43.84
6 1306 475 205.5 S W 37.98 41.59
6 1321 4.93 258 W 38.78 40.28
6 1336 2.77 247.4 S W 39.36 38.97
6 1351 4.94 295.5 N W 39.94 37.66
6 1406 2.91 266.9 W 40.78 36.35
6 1421 3.88 275.9 W 41.13 35.5
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Wind
Wind Direction Wind
Date Speed (0/360 = Direction |[Temperature | Relative
(C) /1996| Time | (mph) | mao | fth)| (compass)| Humidity
40 6 1436} 6.03l 3gl71.6 Wi . 36.89
6 1451 5.66 293.71 NW 40.451 36.851
6 1506 6.23 277.7 W 40.78 36.17
6 1521 5.72 276.5 W 41.61 34.62
6 1536 7.51 216.81 SW 41.181 34.88|
6 1551 6.03 247.3 SW 40.58 36.3
6 1606 8.74 256.1 W 40.9 36.11
6 1621 6.25 291 W 40.97 35.46
6 1636 7.191 309.71 NW 40.461 36.09
6 1651 9.44 296 .4} NW 40.22 36.8
6 1706 7.72 261.51 W 40 37.37
6 1721 7.59 266.2| W 40 37.31
6 1736 7.331 260.91 W 39.73 37.98
6 1751 6.24] 266 8| W 39.43 38.65
6l 18061 4.931 296.31 NW 39.171 30.29
6 18211 7.04] 253.21 W 38.471 40.17
6 1836 6.07 280.9 W 37.91 41.23
6 1851 6.21 278.4 W 37.26 42.48
6 1906 4.6 254.4 W 36.39 4435
6 1921 3.08 277.8 W 35.35 46.29
6 1936 1.56 266.1 W 34.28 48.23
6 1951 1.37 71 N 33.12] 50.81
6 2006 1.09 92.2 Ef 31.56] 54.02
6 2021 1.22 84.5 E 30.14 57.09
6 2036 1.32 139.2 SE 29.75 58
6 2051 2.09 112.8 SE 28.6 60.59
6 2106 1.46 125.1 SE 27.92 62.55
6 2121 2.25 125.4 SE 27.37 63.31
6 2136 2.1 121.8 SE 26.77 64.69
6 2151 1.67 1286} SE 25.88 66.62
6 2206! 2.661 96.9! SE| 25 74l &R R
68.62
6 22361 2.061 111.81 E 24.88 69.32
6 22511 1.421 134.9] SE 24.56 70.2
6 2321] 29641 159.91 skl 24326 71.2
71.3
6 23361 1.891 41.07 NE 23.65 72.6
7 235¢| 8881 183.41 E 23303 ;gg
7 21] 1.35 207.6) sSwi 22.99! 74.6
7 36l 0.271 255.81, W, 22.671 75.3
7 ) 0.97 072 & 22 5| 77.2
7 106 4.43 46.25! NEI 22.341 76.6
7 121 2.02 23 3l NEI 77 04l 77.3
7 136 1.491 268.91 W 21.47] 79.3
7 151 11643 ¥ai .8l E 21.22 79.9
NE 21.91 78.3
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Wind
Wind Direction Wind
Date Speed (0/360 = Direction |Temperature | Relative
[ June/1996|__Time | (mph) | mag north)| (compass) (C) Humidity
7 21 2.141 123.11 SE 22.18 76.8
7 236 2.68] 1451 SE 21.79 78.6
7 251] 2.321 120.91 SE 21.23 80
7 30i F 20.77 81.3
7 325 370 10L.6 913 E 205 82.6
7 336 47 119.9 SE 20.71 81.3
7 351 3.25 138.1 SE 20.71 81.9
7 406 3.52 137.7 SE 20.96 80.7
7 421 4.81 118.5 SE 21.22 80.1
7 436 1.11 86.4 E 20.44 82.3
7 451 1.52 67.45 NE 19.6 85.8
7 506 2.69 89.1 E 19.6 85.8
7 521 5.41 86.4 E 20.12 84.6
7 536 427 91.9 E 20.26 83.3
7 551 0.46 103.6 E 20.05 84.2L
7 606 1.87 722 E 19.79 m3
7 621 1.45 102.5 E 20.05 84.4
7 636 1.2 128.31 SE 21.06 80.8
71 Redl 1Al 1282l SE 22.12 77
7| 706] 2.35] 104.91 E 23.16 74.4
7 721 2.261 118.9 SE 24.19 71.3
7 736 4.281 112.8 SE, 15.29 68.64
7 w54 4.52| 112.2 El 2598 66771
4471 157.8 S 26.66! GA.81
7 836 5.3 189.5 SE 215 62.86
e 28.48 60.9
7 906l 5.681 119 &l SE A1 58.93
56.32
7 921| R .., SE w305 54.19
7 936 5.421 140.91 SE 32.86 51.47
7 9511 6.331, 1411 SE 32.95 51.69
7 10061 8.191 114.5 SE 33.02 51.03
f el 3-9% leu.2 SE 33.37 50.42
7 1036 6.13 193.7 S 34.25 48.97
7 1051 6.79 2054 Sw 34 29 48.92
7 1106 7.03 183.7 S 34.12 48.87
/ 1121) 413 160.9 S 34.191 43.i83
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